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RETHINKING HUDSON-MENG: A TAPHONOMIC ANALYSIS OF THE FAUNAL 
 ASSEMBLAGE FROM 25SX115, SIOUX COUNTY, NEBRASKA 
 
 
Diana M. Barg 
 
 
 Hudson-Meng (25SX115), located in the Oglala National Grassland, Sioux 
County, Nebraska, is a multi-component Cody complex site that was used for the 
procurement of bison between 10,500 and 11,250 years ago.  The site was 
excavated in the 1970s and 1990s, which led to many, at times divergent, 
interpretations of the site’s origin and use by Cody complex peoples.  Excavations 
between 2006 and 2012 have led to new evidence and interpretations regarding 
multiple episodes of site use.  The faunal assemblage recovered from the most 
recent excavations was used for zooarchaeological and taphonomic studies, and 
is reported here.  The identification of taphonomic characteristics, statistical 
analyses, and comparative studies were used to investigate the natural or 
cultural origin of the deposits, produce economic utility curves, and determine 
the faunal composition of the site.  Both natural and cultural taphonomic 
characteristics were identified in this study of Hudson-Meng and along with 
other evidence of site use, confirm that Hudson-Meng is a multi-component 
cultural site.  Two components were determined more likely to be natural based 
on a lack of cultural taphonomic characteristics.  Economic utility curves 
produced for the components with adequate taxonomic information, showed that 
all of the components except one had identifiable elements representative of the 
unbiased utilization of animals.  One component showed a bulk utilization of the 
animals represented at the site.  It is possible that at least one of these economic 
utility curves was partly skewed by the deterioration and loss of less dense 
skeletal elements.  The natural taphonomic characteristics identified for each of 
the components showed some slight differences between stratigraphically 
adjacent components that led to patterned clustering.  This outcome 
demonstrates the possibility that the post-depositional processes that occurred 
within the first few years of the formation of each deposit were slightly different, 
which may reflect slight changes in the environment.  The cultural taphonomic 
characteristics demonstrate that when only cultural processing was considered 
Components 3 and X were the most similar, followed by Component 2.  In all 
cases where bone tool manufacturing characteristics or natural characteristics 
were considered with cultural processing characteristics Components 2 and 3 
iv 
were the most similar, followed by Component X.  Component X most likely 
represents a component from the same cultural phase as Component 3 or 
possibly Component 2.   
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Chapter I 
 
 
INTRODUCTION 
 
 
 The Hudson-Meng site (25SX115) in the Oglala National Grassland, Sioux 
County, Nebraska, is the location of multiple episodes of Cody Complex hunter-
gatherers procuring bison and conducting associated activities necessary for 
daily life between approximately 9,300 and 9,800 radiocarbon years ago (10,500 
and 11,250 years ago).  This research will focus on the faunal remains recovered 
from the site since 2006 and will help answer questions regarding whether the 
site is natural or cultural in origin and if people utilized animals at the site, and if 
so, how they were utilized.  This research will contribute to the understanding of 
the Hudson-Meng site as a whole as well as help to answer more specific 
questions about the site.  Dr. Mark Muñiz is the Principal Investigator for the 
Hudson-Meng project and the site is owned and interpreted by the United States 
Forest Service. 
 Agenbroad and Todd and Rapson have focused most of their attention on 
the main area of the bison bonebed, which may contain as many as 400 individual 
animals. Therefore, little is understood about whether other animals are 
represented in other areas of the site and how they may have been utilized.  The 
overall goal of this research at the Hudson-Meng site is to perform a faunal 
2 
 
analysis as well as undertake taphonomic study to determine if newly defined 
components at Hudson-Meng are natural or cultural in origin.  If the bonebed is 
cultural then it is important to understand how people utilized animals at the site 
outside the main bonebed.  
 Understanding the site as a whole is important to understanding the long-
term use of the larger surrounding area in the North American Plains throughout 
the Paleoindian Period beginning about 13,000 years ago and into the Archaic 
Period ending about 2,000 years ago.  The main bonebed, which is comprised 
entirely of Bison antiquus, has been the main focus of previous research 
conducted throughout the 1970s and 1990s (see Agenbroad 1978a, 1978b, and 
1978c; Todd et al. 1994; Todd and Rapson 1991, 1992, 1995, 1996, 1997), 
making the in-depth faunal analysis reported here a significant way to generate 
more information about the site.  Studying faunal remains recovered since 2006 
from areas outside of, and stratigraphically removed from, the main bonebed will 
add much-needed information about the site overall, and has been identified as a 
long-term research goal for the site (Muñiz 2008b). 
 The Literature Review chapter presents background information, 
discussions, and case studies about the main topics under investigation in this 
study.  These topics include the background history of Hudson-Meng excavations 
and interpretations, current interpretations of the site, faunal analysis, economic 
utility studies, taphonomic studies, statistical analyses, and natural and cultural 
origin studies.   
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 The techniques and methods used in this study to investigate the topics 
presented above are presented in the Methods chapter.  The sampling strategy 
was based on the faunal assemblage removed from the paleosol and surrounding 
areas and data collection methods were based on standard archaeological and 
zooarchaeological procedures and recorded in a database.   Following this are 
descriptions of how different kinds of taphonomic characteristics are identified 
and distinguished from each other.  The basis behind the history of economic 
utility indices and how they are derived and used today to help determine the 
type of utilization strategy that was taking place at a site are described.  Jaccard’s 
statistical tests were used in this study and their premise and use are described 
last.   
 The Results chapter presents the results of the different analyses 
conducted during this study, as well as some discussion about the variables that 
led to the results and interpretations they may point towards.  Overall, natural 
and cultural taphonomic characteristics were identified and used to help 
determine the cultural origin of certain components identified at the site.  
Economic utility curves helped determine that the site is most likely a kill-
butchery site based on the presence of negative curves for all components where 
this technique could be used.  Jaccard’s statistical tests helped illustrate the 
relationships between different components and show that the components at 
the site may have been gradually changing over time based on the natural 
taphonomic characteristics identified.  Cultural taphonomic characteristics 
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indicate that Components 3 and X are the most similar, followed by Component 2, 
when characteristics from processing are considered.  When cultural processing 
characteristics are analyzed with bone tool manufacturing characteristics or with 
natural characteristics Components 2 and 3 are the most similar, followed by 
Component X.  Component 1 is the least similar, mainly based on many of the 
identified taphonomic characteristics being found on the bone tools from the 
component and not from the processing of other faunal remains within the 
component boundaries.   
 The Discussion chapter presents the main conclusions and focuses on a 
discussion of the many interpretations postulated from this study. The 
relationships of the different interpretations are discussed to form a complete 
picture of the site formation and use.  The main conclusions include the cultural 
origin of many of the components, and the possible natural origin of two of the 
components, a gradual change in the components supported by the natural 
taphonomic characteristics identified, the similarity of Components 2, 3, and X, 
which may indicate a second Alberta or Eden component, and the identification 
of Hudson-Meng as a kill-butchery site.  
 The Conclusion chapter focuses on the main conclusions that can be 
drawn from this study, and presents recommendations for future research, as 
well as for the Hudson-Meng site and visitor services.  The main 
recommendations are to use previously published information from Hudson-
Meng to expand the investigations in this study to include past studies to allow 
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for comparisons, including of economic utility curves.  An additional 
recommendation is to develop density curves to help determine if the utility 
curves are being influenced by the loss of less dense skeletal elements.  
Additionally, recommendations for the Hudson-Meng site include reducing the 
exposed main bonebed’s contact with water from leaks in the Visitor’s Center 
structure, incorporating professionally-designed interpretive signage of all broad 
interpretations of the site into the Visitor’s Center, and introducing additional 
interpretive signage about the environmental and landform history at the site 
into the larger site area to enhance visitor movement throughout the landscape 
and to draw additional visitors to the site.  Broad conclusions are postulated 
regarding the use of the Hudson-Meng site over time for kill-butchery activities 
and possibly additional cultural activities.  Additionally, certain areas of the site 
may have been used for different purposes leading to different intensities of 
cultural taphonomic indications.  Overall, Hudson-Meng seems to be an 
important kill-butchery location used throughout the Cody cultural complex.   
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Chapter II 
 
 
LITERATURE REVIEW 
 
 
 Understanding the Hudson-Meng site under the premise of the most 
current excavations and new interpretations is a long-term research goal for the 
site (Muñiz 2008b).  Zooarchaeological and taphonomic analyses provide 
information regarding the site’s faunal composition, formation, and use.  Data 
derived from the study of the faunal assemblage are also used as a basis for 
comparing the natural site characteristics, as well as cultural indicators of site 
use. The taphonomic characteristics and the economic utility studies provide 
insight into the activities that may have taken place at the site and how animals at 
the site were processed. Statistical analyses provide a measure of similarity 
between the different components at the site based on both natural and cultural 
characteristics.  The comparative studies are used as a qualitative measure of 
assessment between Hudson-Meng and sites with similar environments and 
taphonomic studies, and to investigate some premises about the origins of 
Hudson-Meng.   
 Past studies of Hudson-Meng have focused on the main area of the bison 
bonebed (see Agenbroad 1978a, 1978b, and 1978c; Todd et al. 1994; Todd and 
Rapson 1991, 1992, 1995, 1996, 1997), and the analyses conducted in this study 
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extend investigation to peripheral areas as well.  The studies presented here use 
current methods and additional lines of investigation to answer some of the same 
questions that have been proposed by past researchers.  This study also uses new 
investigative techniques, including statistical analyses and economic utility 
studies, to better investigate the taphonomic signatures and use of the site.  The 
history of site formation and use over a 1000-year period is investigated based 
on evidence from the faunal assemblage, and provides new information for 
formulating interpretations about Hudson-Meng.  These studies are important to 
further understanding Hudson-Meng within the context of the overall evidence of 
site formation and use. Understanding Hudson-Meng is important to 
understanding the long-term, continued use of sites on the Plains during the Cody 
complex. 
 
THE GREAT PLAINS 
 
 
 The Cody complex is a long-standing cultural lifeway that existed between 
10,000 and 8000 radiocarbon years before present (RCYBP) (11,600 to 8,758 
calendar years B.P.) (Muñiz 2013:31). This was a stable climate period between 
the Younger Dryas (11,100-10,000 RCYBP, ~13,000 to 11,500 cal B.P.) and the 
Altithermal (more specifically the "8.2 ka event" (~7600-7280 RCYBP)) (Muñiz 
2013:31). 
  During 10,000 to 9500 RCYBP (11,600-10,710 cal B.P.), the Great Plains 
was characterized by well-watered grasslands, with intermittent wooded areas 
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near drainages and lakes, and temperatures near those seen today (Muñiz 
2013:42).  Throughout the period the grasslands were transitioning from an 
abundance of cool-season grasses to warm-season grasses, which may have 
occurred due to increasing temperatures.  Some areas in Nebraska were wetter 
than surrounding areas during this time, which led to more vegetation, and the 
development of paleosols (Muñiz 2013:44).  Environmental data from the 
Hudson-Meng site indicate that the Alberta occupation at Hudson-Meng took 
place during a moist time, with a localized wooded environment surrounding a 
water source (Muñiz 2013:45).  The area also has indications of tall grasses, with 
short grasses occupying upland areas.  The site has a "well-developed Brady 
paleosol with two, at times welded, A horizons that contain multiple Cody 
complex occupations" (Muñiz 2013:44). 
 During 9500-9000 RCYBP (10,770-10,185 cal B.P.) the Great Plains had 
similar temperatures and precipitation as seen in the area today, but as the area 
became more arid the grasslands expanded (Muñiz 2013:49).  Areas of eastern 
North and South Dakota had a rapid shift towards drier conditions.  Areas of 
Nebraska and Kansas showed an increase in precipitation, and more wooded 
areas within the grassland environment.  The western Plains exhibited periods of 
aridity followed by periods of stability, but this trend was only seen in localized 
areas, and was not widespread.  This area had enough moisture to sustain 
grasslands, and their animal populations throughout the period, except in the 
arid periods where the resources would have been less consistent.  There are two 
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or three components at Hudson-Meng that date to this time period (Muñiz 
2013:51).  The phytoliths and stratigraphy at the site indicate that there was 
adequate precipitation present to allow grasses to grow.  
 Muñiz (2013) presents a wider reaching environmental trend that began 
to occur during this time period and draws on other research in the field.  It is 
noted that "maximum summer insolation" occurred around 9560 RCYBP and 
continued to 8877 RCYBP (Muñiz 2013:49).  This trend led to summer 
temperatures that were 2-4 degrees warmer, and winter temperatures that were 
2-5 degrees colder in North America, and resulted in lower precipitation and 
evaporation (Muñiz 2013:49-50). This trend was studied more closely in the 
Plains, and much warmer and drier conditions were found also starting around 
9560 RCYBP (Muñiz 2013:50).    
 Overall, Cody complex groups chose areas that were wetter, and in many 
cases were fed by springs within the grassland areas (Muñiz 2013:59).  Bison, as 
well as other species, were available in the wetter and more wooded areas.  The 
diversity of species, and the use of water for other purposes (e.g., tanning hides) 
probably led Cody peoples to utilize these areas (Muñiz 2013:59-60).  Conditions 
were wetter overall at the beginning of the Cody complex, but aridity began to 
occur later on, first in localized areas and then becoming more widespread 
(Muñiz 2013:60).  Cody peoples were still able to find productive areas with 
diverse resources throughout this time.  By 8000 RCYBP conditions were much 
drier and soil development was halted.  As conditions became drier after 8500 
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RCYBP, people may have moved to areas that remained productive, including the 
Pine Ridge (the location of Hudson-Meng), the Southern Rocky Mountains and 
southern Nebraska (Muñiz 2013:61). 
 The Brady paleosol is located in areas of Nebraska and surrounding states, 
and has been identified as the paleosol at Hudson-Meng containing the bulk of 
the components and the main area of the bison bonebed (Muñiz 2007:11, Muñiz 
2010b:57, Muñiz 2013:44,51).  The Brady paleosol is a solum of Ab, and, in most 
cases, Bb soil horizons that together are between 25 and 40 centimeters thick in 
most excavation areas at Hudson-Meng (Muñiz 2012).  The Brady paleosol is a 
hard, blocky, dark grayish brown (10YR 5/2, when moist), sandy loam with 
calcium carbonate inclusions and charcoal staining (Muñiz 2007:14).  The Brady 
paleosol formed during a time of stable, wet, well-vegetated conditions on the 
Plains during the Cody complex (Muñiz 2013).  The production of the Brady soils 
on the Plains ceased around 8500 RCYBP due to more arid conditions, and less 
available moisture for vegetation and subsequent soil development (Muñiz 
2013:60).   
 
PEOPLES OF THE CODY COMPLEX 
 
 
 The Cody complex is the second longest tradition to exist during 
Paleoindian times, and existed between 10,000 and 8000 RCYBP (11,600 to 8758 
cal B.P.) (Knell and Muñiz 2013:3, Muñiz 2013:31).  The range of the complex 
extends from the Great Basin in the west, to the St. Lawrence River in the east, 
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and from the plains of Canada in the north, to the Gulf Coast of Texas in the south. 
 The distinction of the Cody complex as its own tradition began in the 1950s with 
the identification and recovery of Eden and Scottsbluff points, and the Cody knife, 
in association with each other.  These artifact styles were distinguished as the 
hallmarks of the Cody complex (Knell and Muñiz 2013:3-4).  More recently, other 
point styles that possess similar attributes have been considered part of the 
cultural complex.  The attributes are based on the length of the point stem, the 
shouldering, basic outline, and the addition of pressure flaking (Knell and Muñiz 
2013:4).  Based on these attributes the following points are considered part of 
the Cody complex: Alberta/Cody I and II, Scottsbluff I and II, Alberta, Eden, 
Firstview, and Kersey (Knell and Muñiz 2013:5).  Other regional variants also 
exist.  A distinctive artifact type of the Cody complex is the Cody knife, which is an 
angled and stemmed blade.  Some of the most recognizable Cody complex sites 
include, Jurgens, Olsen-Chubbuck, Scottsbluff, Carter/Kerr-McGee, Hell Gap, 
Hudson-Meng and Horner, but many more have been identified (Knell and Muñiz 
2013:10-11).   
 The geographical areas that were inhabited by peoples of the Cody 
complex include the foothills and mountainous areas of the Rocky Mountains, and 
the plains and valleys of the grasslands (Knell and Muñiz 2013:13).  Cody 
complex points have been found in other regions extending outside of these areas 
as well, including, areas of New England, the Upper Midwest, Idaho, and Nevada 
(Knell and Muñiz 2013:13-14).  These areas encompass diverse habitats and 
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environmental regions, and Cody complex peoples developed strategies to thrive 
in all of them.  Despite this large and differing geographic expanse, Cody peoples 
relied heavily on bison as a source of subsistence and livelihood (Knell and Muñiz 
2013:14).  In most of the Cody complex sites, the remains of bison are recovered 
in much larger numbers than any other animal. Other animals that have been 
recovered in Cody complex sites include mule deer, pronghorn, elk, and some 
smaller animals like canids, marmot, birds and turtles (Knell and Muñiz 
2013:15).    
 Cody complex peoples used several possible land use strategies.  Four 
main land use strategies have been postulated; a seasonal round subsistence 
strategy with overwintering at one location, more extensive use of the Rocky 
Mountain foothills to procure a more diverse group of resources, the greater use 
of marginal resource areas (at least in one region), and long-distance, seasonal, 
and communal bison hunting (before 9000 RCYBP) (Knell and Muñiz 2013:17-
18).  Land use strategies may also be tied to bison movements and availability, 
which may have caused the human groups to adapt their movement on the 
landscape accordingly.   
 The social organization, ideologies, and worldveiw of Cody complex 
peoples are not known (Knell and Muñiz 2013:19).  There have been a few 
possible glimpses into these lifeways, but nothing widespread or systematic.  A 
cremation was encountered in Wisconsin in association with Eden, Scottsbluff, 
and St. Charles/Thebes points.  A decorated bison ulna and a naturally hollow 
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pipe with polish from use were recovered from the Jurgens site.  Besides these 
few indications of the Cody worldview, nothing more is known, and it will take 
additional sites and more emphasis on the study of these concepts within the 
Paleoindian period to reveal further insights into the lifeways of Cody complex 
hunter-gatherers (Knell and Muñiz 2013:19).  
 
THE HUDSON-MENG SITE 
 
 
 Multiple interpretations of human involvement in the creation and use of 
the Hudson-Meng site exist.  Researchers have uncovered contradictory evidence 
while excavating the site and have used different types of analyses to understand 
the site (see Agenbroad 1978a, 1978b, and 1978c; Todd et al. 1994; Todd and 
Rapson 1991, 1992, 1995, 1996, 1997).  Methods and analytical techniques have 
changed over time allowing more recent researchers to take advantage of a wider 
variety of techniques not readily available to previous investigators.  Each 
researcher has also interpreted the site based on trends current at the time of 
their investigations.   
 
Past Work and Interpretations of  
      Site Origins 
 The multitude of studies at Hudson-Meng over the last 40 years has led to 
a wealth of data and significantly divergent interpretations of the site.  
Agenbroad (1978b) concluded that Hudson-Meng was a bonebed comprised of a 
butchering floor and an arroyo jump.  Testing and excavation indicated a single 
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50 by 50 meter layer of bison bone.  Faunal and archaeological materials were 
not identified above or below the main bonebed.  The information gathered 
during seven years of excavation led Agenbroad (1978b, 1978c) to interpret the 
site as one kill event or multiple kill events over one season that resulted in a 
uniform deposit.   
 Geomorphologic studies done by James Miller in 1993 showed that the 
site area consisted of alluvial fan deposits both before and after the deposition of 
the bonebed (Todd et al. 1994:116-118).  This led Miller to the conclusion that 
Agenbroad’s interpretation of part of the site as an arroyo was inaccurate and 
that the area consisted instead of large alluvial fans, five or more drainages, 
gently sloping unconsolidated hillsides, small benches and a sandy valley bottom.  
Miller also suggests that the bonebed deposits were reworked by the accretion 
and erosion of sediments.   
 The 1990s excavations led to the identification of two strata that included 
cultural materials and faunal remains (Todd et al. 1994; Todd and Rapson 1991, 
1992, 1995, 1996, 1997).  One of the strata was the main bonebed encountered 
by Agenbroad in the 1970s and labeled Stratum B by Todd and Rapson.  During 
the 1991 excavations, 1,014 bones were recorded in this area.  Areas of 
excavation closer to the center of the bonebed revealed articulated skeletal units 
and juvenile elements with unfused epiphyses in contact with the diaphyses.  
Further to the south, this was not the case and there was greater evidence of 
carnivore gnawing.  Another component was stratigraphically above this and 
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contained unidentifiable fragments of bone and small skeletal elements (labeled 
Stratum A by Todd and Rapson).  Eight hundred seventy two bones were 
recorded from this overlying component in 1991, 87 percent of which were 
unidentifiable fragments.  As a result of 1991 excavations, Todd and Rapson 
(1991, 1992) determined that the site represented the original death site of the 
bison and that the disarticulation of the bones and the number of elements 
represented were the result of carnivore scavenging and deterioration of less 
dense skeletal elements.  These interpretations continue in all following field 
seasons conducted by Todd and Rapson (Todd et al. 1994; Todd and Rapson 
1991, 1992, 1995, 1996, 1997, 1999).   
 Since 2006, under the direction of Muñiz, work has been focused outside 
the main bonebed to gain a better understanding of the site’s geomorphology and 
to investigate any occupations of the adjacent area (Muñiz 2008a, 2008b, 2010a).  
These latest excavations have taken place in five areas of the site (Figure 1 and 
Figure 2): the Enclosure Trench, the North Block, the Southeast Block, Unit M82-
25, and the FAND Trench, as well as three areas where additional information 
was gathered: the Peninsula, Unit K83-16 and Unit L84-10.  Units from the 
peninsula, Unit K83-16, and L84-10 were not included in this study as they were 
excavated to explore other information about the site or previous excavations 
and were not sampled in the same manner as the other areas of the site.  The 
Southeast Block has not reached the Brady paleosol and was consequently not 
included in this study.   
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Figure 2: Hudson-Meng site map with only the areas used in this study identified. 
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 The bonebed is comprised of welded or amalgamated A, AB, and B 
horizons that make up the Brady paleosol.  By developing the geomorphological 
sequence in an area near, but outside the main bonebed, the researchers were 
able to identify the soil horizons in a non-welded state (Muñiz 2008b).  They also 
uncovered cultural components not identified by either Agenbroad or Todd and 
Rapson.  During the excavations since 2006, five or more cultural components 
had been encountered, including those identified by Agenbroad and Todd and 
Rapson; each is discussed briefly below (Muñiz 2007).   
 In 2006 Muñiz recovered an Eden point in situ as well as flakes and bone.  
Most of these artifacts were on a relatively flat slope, which indicated that they 
were in a primary context and were not brought into the site as a result of 
washing downhill or from moving vertically as a result of natural causes.  The 
artifacts identified in 2006 revealed that there were at least three components at 
Hudson-Meng: an Alberta component, an Eden component, and a Late 
Paleoindian component (Muñiz 2007:53).  Another component was encountered 
in the excavation area referred to as the FAND Trench and is only represented by 
faunal remains thus far so it is unknown if it is cultural in origin (Muñiz 2008a).  
Faunal remains were encountered in situ in the wall of the trench during the 
2008 field season at the site (Muñiz 2010b:45-46).  In 2008 a possible pre-
Alberta level was identified based on a possible bone tool, lithic debris, charcoal 
and bone fragments (Muñiz 2010b).  This component (Component 1) was 
confirmed in subsequent field seasons by the recovery of small pressure flakes 
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and a bone artifact in 2012. Other possible components that are younger than the 
Brady paleosol deposits and consisting of flakes and limited numbers of bones 
have been identified as well (Muñiz 2010b).  The Alberta component (Component 
2) is the same as the bonebed layer identified by Agenbroad, and Todd and 
Rapson’s Stratum B (Muñiz 2007:53, Muñiz 2008c:2).  Todd and Rapson’s 
Stratum A may be part of the Eden component (Component 3) or a second 
Alberta component underlying the Eden component based on the Alberta 
projectile point recovered during their excavations (Muñiz, personal 
communication 2011).   
 As of the fall of 2012, Muñiz has identified five components in four 
different areas of the site (Muñiz, personal communication, 2012).  These 
components are labeled 1 through 5 with Component 1 being deeper 
stratigraphically than Component 5.  Component 1 dates to around 10,033 RCYBP 
based on a radiocarbon date, Component 2 dates to the Alberta time period 
(~9820 RCYBP), Component 3 dates to the Eden time period (~9540 RCYBP), 
Component 4 is a Late Paleoindian component dating to around 9445 RCYBP, and 
Component 5 is a possible Late Paleoindian component based on its position 
stratigraphically, but has yet to be dated.  The association of Component 5 with 
the Late Paleoindian period, respectively, stems from the relatively close 
stratigraphic position of Component 5 above Component 4, the radiocarbon date 
of Component 4 around 9540 RCYBP, and the lack of any indication that a major  
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erosional disconformity (and thus a large time gap) exists between the formation 
of the two components. 
 Three additional components are of an unknown association with the 
numbered components and are labeled X, Y, and Z.  Component X is located in the 
western half of the Enclosure Trench and may be a second Alberta component.  
Component Y is also in the western half of the Enclosure Trench and lies 
stratigraphically below or adjacent to Component X.  Component Z is located in 
the FAND Trench.   Muñiz suggests that the identification of multiple cultural 
components makes Hudson-Meng comparable to other Paleoindian sites in the 
region—something that Todd and Rapson tried to show was false during the 
1990s (Muñiz 2007, Todd and Rapson 1991).  
 
Dating 
 The site has been absolutely dated via radiocarbon dating, and relative 
dating using projectile point styles (Agenbroad 1978c, Muñiz 2010a).  Bone was 
radiocarbon dated from the bonebed component and provided dates of 8,990 +/- 
190 B.P. and 9380 +/- 100 B.P. (Agenbroad 1978b); an accumulation of small 
charcoal fragments was dated to 9820 +/- 160 B.P. (Agenbroad 1978a).  The 
oldest date based on charcoal was interpreted as the most accurate (Agenbroad 
1978a).  Alberta projectile points recovered from the same component also date 
the site to this time frame (Agenbroad 1978c; Muñiz 2010a).  Todd and Rapson 
radiocarbon dated 10 charcoal samples and one bone sample from the main 
bonebed (Stratum B) and received dates that fell into three groups averaging: 
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9556 +/- 37 B.P., 9924 +/- 40 B.P., and 10,417 +/- 52 B.P. (Todd et. al. 1994:54; 
Todd and Rapson 1997:71).  The dates for the components identified at Hudson-
Meng are presented in Table 1.  Component 4 was dated in both the Enclosure 
Trench and the North Block.  The two dates for Component 4 overlap when the 
error is taken into account.  Component 4 in the FAND trench may be a possible 
younger component, but was grouped with Component 4 due to its proximity to 
the top of the paleosol. 
 
Table 1: Radiocarbon dates for the components at Hudson-Meng 
Area Date Reference 
Component 1 10,033 +/- 50 RCYBP Muñiz 2012 
Component 2 9820 +/- 160 RCYBP Agenbroad 1978a 
Component X 9676 +/- 35 RCYBP Muñiz 2012, Muñiz 2013:45 
Component 3 9539 +/- 55 RCYBP Muñiz 2010b:23, Muñiz 2013:45  
Component 4, Enclosure 
Trench 
9444 +/- 77 RCYBP Muñiz 2010b:28, Muñiz 2013:45 
Component 4, North Block 9555 +/- 95 RCYBP Muñiz 2012 
Component 4, FAND Trench 9317 +/- 77 RCYBP Muñiz 2012 (date only) 
Component 5 No date  
Component Y No date  
Component Z No date  
Note: Radiocarbon Years Before Present (RCYBP), uncalibrated. 
 
 
Taxa and Herd Composition 
 Research done on faunal remains in the main bonebed during the 1970s 
and 1990s has determined that the bison at Hudson-Meng are at an intermediate 
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stage of evolution between Bison bison and Bison antiquus (Agenbroad 1978b; 
Todd and Rapson 1991, 1992).   Only bison have been recovered or recorded 
during excavation, excepting one mule deer humerus recovered by Agenbroad 
(1978b, 1978c:36, 65).  This bone was identified as the distal end of a mule deer 
humerus that had been formed into a tool and had evidence of polishing and cut 
marks.   
 Agenbroad (1978c) reports that 400 animals are represented at the site 
based on his calculations for maximum number of animals (paired elements) and 
an estimate of 600 animals is extrapolated out to unexcavated portions of the site 
from these data (Agenbroad 1978c:27).  Todd and Rapson (1991, 1992; Todd et 
al. 1994) estimate 500 bison are present at the site using the same basic 
technique.  The age range determined for the individuals in the sample was 0.5 to 
10.5 years (Agenbroad 1978b:129).  The remains analyzed by Russell represent 
calves (12%), 1-4 year olds (61%), and greater than 4 year olds (27%) 
(Agenbroad 1978b:129, 1978c:56).  Agenbroad (1978b) determined that most of 
the bison represented were cows and calves.  Most of the bones examined by 
Todd and Rapson (1991) were found to represent cows based on the size of the 
bones and a bimodal pattern of bone size in male and female bison.  Eight to 10 
percent of the sample was identified as male.  Based on dentition, Russell, who 
studied the bison in 1976, determined the season of the kill to have been mid-
October to mid-November (Agenbroad 1978c:30).  A limited number of Hudson-
Meng bison bones in the Chadron State College collection were re-examined for 
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tooth eruption patterns by Todd and were found to fall into a mid to late summer 
timeframe (Todd and Rapson 1991:16).   
 
Past Taphonomic Analyses 
 Agenbroad (1978c) determined the Hudson-Meng site to be a butchery 
site based on a distributional analysis of the bones, identification of burned areas 
interpreted as hearths, disarticulation of certain skeletal elements, and the lack of 
skullcaps, caudal vertebrae and phalanges.  The distributional analysis identified 
seven circular patterns of randomized bones, most distributed around what were 
identified as hearths (Agenbroad 1978c:25).  Patterns of articulated and 
disarticulated elements led Agenbroad (1978c) to suggest that the complete 
butchering of bison took place at the site.  Sacral elements and phalanges were 
found in very limited numbers, which also suggests butchering, the removal of 
the more usable portions of the animal and the removal of hides.   
 Todd and Rapson (1991:30-32) disagree with Agenbroad’s interpretation 
and suggest that any hearth areas would include debitage from reworking tools 
and should be overlain by non-burned bones that were moved to the area by 
scavengers after human use of the area.  They also note that the burned areas are 
underlain by unburned bone, which in their opinion would be unusual cultural 
behavior as a hearth area would be maintained and cleared of bones before use 
(Todd et al. 1994).  Front and hind limbs were identified in separate areas from 
the remainder of the skeletal elements.  Todd and Rapson (1991) note that some 
of the limbs have bones in anatomical position and that some long bones have dry 
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breaks, which only happens after the bones are defleshed and dried before 
breakage occurs (Lyman 1994; Todd and Rapson 1991:26).  Density and velocity 
settling measurements were used to determine that the ratio of first, second, and 
third phalanges that are present at the Hudson-Meng site is consistent with what 
is expected from deterioration of less dense elements that occurs naturally (Todd 
and Rapson 1991:24). Todd and Rapson (1991:26) suggest that bones in 
anatomical position point to a natural death event and decomposition over a 
three to five year period.   
 Cut marks and bone fractures that are indicative of human involvement, 
have been found on bones from Hudson-Meng.  The mule deer humerus 
recovered by Agenbroad (1978b, 1978c:36, 65) was identified as a tool used in 
the butchering process to gouge out pockets of meat from the bison bones; it had 
areas that were polished due to use and exhibited cut marks.  Four pieces of 
worked bone that indicated production of bone tools were recovered during the 
1970s excavation (Agenbroad 1978c:66).  One bison humerus with evidence of "a 
humanly-produced impact fracture" was recovered (Todd and Rapson 1991:11). 
 Todd and Rapson thought that the impacts closely matched 
ethnoarchaeologically documented patterns of bone breakage, but did not go into 
more detail about this observation.  Another bison humerus that showed 
evidence of cut marks, two areas of impact and a spiral break was found in 1994 
(Todd and Rapson 1995:9).  This bone was found in Stratum A, which overlies the 
main bonebed area.  The limited weathering on the bone suggested to Todd and 
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Rapson (1995) that the bone was not in its original location.  Research since 2006 
has recorded abundant bone fragments that are spirally fractured and in direct 
association with stone tools and chipped stone debris (Muñiz 2007, 2008c, 
2010b).  Two notched bone pegs were recovered and dated to 9676 +/- 35 
RCYBP (Muñiz 2012).  These bone pegs each had three notches at one end and 
were oriented between 52 and 60 degrees into the Brady paleosol within 
Component X  (Muñiz 2008c:27).  They were located next to each other with 
small pieces of bone adjacent to them.  Most of the spirally fractured bone 
fragments are small and not part of the main bonebed.  However, they indicate 
extensive bone processing by subsequent site occupants between approximately 
9,700 and 9,400 radiocarbon years ago. 
 Of the 400 bison identified in the bonebed, limited numbers of proximal 
skulls or horn cores have been found (Agenbroad 1978c; Todd and Rapson 
1991).  Distal portions of the skulls (e.g., mandible, maxilla, and petrous portions) 
are found in much higher numbers.  In some cases the elements are semi-
articulated and found adjacent to each other and in other cases are disarticulated.  
Agenbroad (1978c) and Todd and Rapson (1991) have come to different 
conclusions regarding why this is seen at the site.  In the 1970s only one bison 
skullcap and horn core was encountered at the site. However many mandible, 
maxillary and petrous portions of the skulls were found.  Agenbroad (1978c:40) 
notes that at Hudson-Meng the atlas is usually associated spatially with skull 
fragments, while the axis is usually associated with the cervical vertebrae, and 
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suggests this is indicative of skull removal and is seen at other Paleoindian bison 
kill sites.  He further notes that brain removal is undertaken by going through the 
forehead or through the basal-occipital portion of the skull, and that the former is 
most common ethnographically and archaeologically.  In 1973, Hartley and 
Pokorsky experimented with brain removal on cattle skulls and found that the 
easiest access to the brain was by removing the basilar portion of the occipital 
along the sutures (Agenbroad 1978c:40, 42).  This, along with disarticulation of 
the mandible to remove the tongue, could account for the high instance of 
mandibles and petrous portions represented from skulls at the site.  Hartley and 
Pokorsky suggest that blows to the temporal and basal region (the area near the 
sutures that were used to remove the basilar portion of the skull) would account 
for the skull fragments recovered from the site (Agenbroad 1978c:43).  
Agenbroad (1978c) used this differential representation of skull elements as 
evidence of brain removal during butchering.   
 Todd and Rapson (1991) used density and velocity settling measurements 
to determine that the bones of the skull that are present at the Hudson-Meng site 
are those that would stand up better to deterioration.  They also suggest that the 
skulls would take longer to be buried by sediment and preserved—therefore 
allowing sufficient time for the proximal portions of the skull to deteriorate, at 
least for the crania they encountered (Todd and Rapson 1991, 1999).  The 
incomplete fusion of cranial sutures for the calves would have made the bones 
more likely to become disarticulated and more vulnerable to deterioration.  Todd 
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and Rapson (1999) suggest that trampling by animals in the partially-buried 
bonebed would have broken and redistributed bones that were taller in profile 
(e.g., crania), causing what would look like activity areas or processing areas.  
They suggest these are what Agenbroad (1978a) interpreted as processing areas.  
The weight of sediments on the skulls is also proposed as the process by which 
they were broken and fragmented (Todd et al. 1994:126). 
 Cut marks and carnivore damage were partially obscured on the bones 
from Hudson-Meng due to reduced visibility caused by carbonates adhering to 
the bone (Todd and Rapson 1991:14).  There were modifications to the bone that 
were thought to be indicative of carnivore damage (Todd and Rapson 1991).  A 
limited number of bones display carnivore tooth marks, and one bone shows 
breakage that is consistent with trampling (Todd and Rapson 1991:27, Todd and 
Rapson 1992:8).  Based on data from a 1990 study of coyote-scavenged bison 
carcasses by Burgett, Todd and Rapson (1991:25) attribute the lack of caudal 
vertebrae at Hudson-Meng to scavengers.  The taphonomic analysis led Todd and 
Rapson to conclude that the destruction of bones at Hudson-Meng was not the 
result of human activity.    
 Todd and Rapson (1991:29) looked at weathering on long bones and 
found that with only a few exceptions bones near the bottom of the bonebed had 
less weathering and those near the top had more.  They also noted that the 
pattern of weathering across the section of bonebed excavated in 1991 seemed to 
indicate that the surface was undulating and that areas of lower elevation were 
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filled in first protecting the bones from additional weathering (Todd and Rapson 
1991:30).  The geomorphologic studies undertaken in 1993 suggest that the 
weathering of the bone took place after burial as a result of water leaching 
minerals from the soil and percolating through the bonebed deposits (Todd et al. 
1994:125).  This affected the upper layers of bone more than the lower layers, 
and is proposed as an alternative explanation for the weathering patterns noted 
in 1991.  
 
FAUNAL ANALYSIS 
 
 
 A traditional faunal analysis is included in the current study of Hudson-
Meng.  This faunal analysis was conducted on all the point-provenienced bones 
from the Brady paleosol and up to 10 centimeters above and below the paleosol.  
This sample is subdivided into cultural components that have been defined based 
on radiocarbon dates, concentrations of bone, lithic materials, charcoal and ochre 
and how they lie within the paleosol.  Standard data was collected on each 
cataloged bone or bone cluster, including: measurements of each bone cluster 
when all pieces refit, weights, counts, element, portion, side, family, genus, 
species, taphonomic information, and standard descriptive and site information 
regarding site area, unit locations and designations, and point-provenience.  
Taxon and element were identified using reference guides and reference 
collections to compare the bones from the site to bones from known species of 
animal.  In the event that bones from extinct animals were discovered, they were 
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compared with published references for the appropriate family, genus, and/or 
species as well as information regarding the timeframe for their extinction.  
Seventy-five point-plotted bones were identified to taxon and element out of a 
total of 649 point-plotted bones.  Many of these included multiple fragments, 
some of which refit and some of which did not.  The identified elements were 
then used to determine the Minimum Number of Individuals (MNI), the Number 
of Identified Specimens (NISP) and the Maximum MNI (MNImax), which is the 
sum of the MNI for each component of the site.  MNImax is based on the 
assumption that each component is temporally distinct and that bones from one 
individual or one component are not found in other components (Lyman 2008).   
 
ECONOMIC UTILITY ANALYSIS 
 
 
History and Premise of Economic  
      Utility Indices 
 Lewis R. Binford, in his 1978 book Nunamiut Ethnoarchaeology, first 
describes the General Utility Index (GUI) and its use.  The process of GUI involves 
determining the fractional MNI for each element and dividing this by the number 
of that element in the animal’s skeleton, turning counts of bones into animal 
units.  The results are then normalized on a one to 100 scale to produce the 
%MNI.  The side each identified element comes from and the age of the animal 
are not taken into account because Binford observed that people do not think 
about animals in these terms; they just use the parts they need.  Binford also 
observed that people might share meat from a kill and move it to different 
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locations or different households at one site.  The different areas at a site may 
seem to represent multiple animals, but in reality are just portions of the same 
animal being shared.  The MNI method Binford suggests calls for calculating the 
entire site area together, which better accounts for meat sharing at a location.   
 Binford (1978) has observed that during butchering, a person would base 
decisions on which parts of an animal to take based on the general utility of that 
part.  He also notes that an animal is usually butchered in a location other than 
the location it will ultimately be used.  The general utility scale is based on the 
usefulness and variety of each part of an animal and the GUI of a part is based on 
the meat, grease and marrow percentages that can be extracted from it for use 
(Binford 1978; Lyman 1994).  The anatomy of an animal is divided up into groups 
of multiple bones for determining utility, because in practice animals would not 
be butchered into their discrete units and moved to another location.  A Modified 
General Utility Index (MGUI) is created when this is taken into account.  Elements 
with a lower GUI might be attached to elements with greater GUIs due to the way 
the animal was butchered and what was transported.  This will result in an over 
abundance of lower GUI elements being represented, even though they were not 
the element of interest when the carcass was transported (Lyman 1994).  The 
MGUI reflects this possibility by averaging high GUI and low GUI elements that 
might show up together frequently.  %MGUI is calculated by dividing each MGUI 
by the highest MGUI derived to normalize them on a one to 100 scale.  %MGUI is 
used in some cases instead of MGUI, as is seen in Lyman (1994). 
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 When the %MNI (on the vertical axis) is graphed against the MGUI (on the 
horizontal axis), the resulting curve can indicate the processing strategy that was 
used during butchering (Binford 1978).  The resulting curve is compared to 
known curves that represent different processing strategies (Figure 3).  
Interpreting the curves requires searching for overall trends and clusters of 
points in certain areas of the graph to determine which strategy is most likely 
being represented.  Some of the processing strategy curves include a bulk curve, a 
gourmet curve and a normal or unbiased curve (Binford 1978:81; Metcalfe and 
Jones 1988).  A bulk curve means that the butchering and transport strategy 
emphasizes the quantity of useable material being moved to the residence 
location, a gourmet strategy emphasizes the quality of the useable material, while 
the normal or unbiased strategy means that butchering reflects knowledge of the 
utility of the different animal parts (Metcalfe and Jones 1988).  An inverse of 
these curves would represent what would be left behind and found at the kill and 
butchering locations where these strategies are used.  In general, positive curves 
are indicative of residence locations and negative curves are indicative of kill-
butchery locations.  Binford (1978) states that all curves reflect knowledge of 
animal anatomy by the butcher and are based more on the way the butcher uses 
this knowledge of the animals, which is reflected in the kind of strategy found 
rather than on what animal parts were being taken.   Essentially, Binford’s 
(1978:81-82) premise relates more to the hunter’s manipulation of situations 
based on their knowledge of utility and the variables influencing their decisions 
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(i.e., ample herds to hunt, herd make-up, or hurried or leisurely butchering and 
transport due to environmental factors) rather than purely on the animal parts 
taken or left behind that become part of archaeological sites.  
 
 
Figure 3: Utility curves based on %MAU graphed against economic utility 
(adapted from Metcalfe and Jones 1998:496).  The residence location graph 
represents the “frequency of body parts removed from kill-butchering sites” and 
the kill-butchery location graph represents the “frequency of body parts 
remaining at kill-butchering sites” (Metcalfe and Jones 1988:496). 
 
 
 Binford’s (1978) methods differ from the normal method of calculating 
MNI and do not take the side of the bone into account to better reflect the 
strategy of the people using the animal.  In this method the MNI is divided by the 
number of that element in the body of the skeleton.  Later, Binford uses the term 
Minimum Animal Units (MAU) to reflect this style of MNI calculation (Reitz and 
Wing 1999).  MAU values are calculated by deriving the Minimum Number of 
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Elements (MNE) divided by the number of times the part occurs in one skeleton, 
essentially calculating the minimum animal units that would be necessary to 
account for the specimens in the assemblage (Lyman 1994).  Each value is then 
divided by the highest MAU value found and multiplied by 100 to derive the 
%MAU (Binford 1978; Lyman 1994).    
 Other researchers started using the utility technique, found merit in the 
insights introduced by Binford, and began deriving utility indices for other 
animals (Lyman 1994).  Metcalfe and Jones (1988) introduced the Food Utility 
Index (FUI) to simplify the MGUI.  They wanted to develop a simpler technique 
with comparable results that would be applicable in more environmental 
settings, encompassing more kinds of animals.  FUI uses meat, marrow and bone 
grease measurements and weights and averages the economic utility for bones 
that would be found and transported together.  Besides a much simpler equation, 
FUI has the added ability to allow researchers to directly relate different parts of 
an animal to the FUI and understand how a change in the parts present in a 
faunal assemblage would affect an overall change in the utility curve (Metcalfe 
and Jones 1988).  The authors present Binford’s MGUI, a standardized FUI (SFUI) 
and an unstandardized FUI (FUI) for comparison and determine that the FUI is 
the best technique for analysis.  The authors also warn that using one economic 
utility scale may misrepresent the abundances of meat available on an animal 
when highly sexually dimorphic species are part of the analysis.  Bison are one of 
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these species, with a 40 percent difference between males and females (Metcalfe 
and Jones 1988:500).   
 Some researchers group all bones in an assemblage together regardless of 
whether there is the possibility of having multiple kills, while others group 
multiple sites and assemblages together that were the result of one group’s use 
over time or on the landscape (Binford 1978; Metcalfe and Jones 1988).  
Investigation of a site using utility curves would be affected by the presence of 
multiple kills versus a single kill, since different constraints would have been put 
on each hunting group at different times, including the time of year, the distance 
to the residence site from the kill site, and the nutritional state of the animals 
(Metcalfe and Jones 1988). In the case of Hudson-Meng, or any other multi-
component site with differently aged components, each component would 
represent different episodes of killing and butchering (and potentially meat 
sharing). 
 
Case Studies 
 Reverse utility curves, which are consistent with a kill site, are found for 
the faunal assemblages at many important residential sites.  Marean and Frey  
(1997) address this problem by proposing that utility curves for long bones and 
non-long bones should be plotted separately and that long bone shafts should be 
used in the derivation of MAU and not the bone epiphyses.  The authors use data 
from three sites and show that when the long bone shafts are used in analysis  
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that the reverse utility curves that were originally derived become positive utility 
curves.  They also show that in some instances non-long bones show reverse 
utility curves while long bones show positive utility curves.  Lyman and others 
have proposed that low density bones may be missing from assemblages and that 
the reverse utility curves are a product of missing elements that have been 
destroyed by attrition rather than a product of site function (Marean and Frey 
1997:701).  This explanation has been the leading argument for reverse utility 
curves and Marean and Frey (1997) suggest that the density explanation has 
been overstated.  They also caution that carnivores destroy many of the elements 
with high utility to get to cancellous bone, and that when the damage is extreme 
the loss of high utility bones can mimic a reverse utility curve.  They propose the 
use of long bone shafts, which contain less cancellous bone and are less attractive 
to carnivores, to avoid this situation.  Marean and Frey (1997) use %MAU plotted 
against SFUI as described by Metcalfe and Jones (1988).  Reitz and Wing (1999) 
argue that all the bones in the assemblage should be used when plotting a utility 
curve so that parts of bones that contain marrow and grease are not excluded 
from study since the MGUI and FUI include estimates of these materials from 
bone.   
 
CULTURAL VERSUS NATURAL ORIGIN 
 
 
 Due to the divergent interpretations of Hudson-Meng by previous 
researchers the origin of the site—as a natural accumulation or a cultural kill 
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and/or butchery accumulation—is in question.  The taphonomic portion of this 
study attempts to answer this question.  Case studies are integrated to gain a 
fuller understanding of the attributes of in situ natural and cultural bone 
accumulations.  In this study, only the areas of the site that were excavated under 
the direction of Dr. Mark Muñiz during 2006-2012 were analyzed. However, 
information regarding the other investigations of the site was used to help 
understand the site as a whole.  The null hypothesis of this study is that the 
faunal assemblage for each component at the site does not differ from what is 
expected of a natural death assemblage.   
 
Case Studies 
 To understand if an accumulation of bone is cultural it is necessary to 
understand the characteristics of natural accumulations.  There are a few main 
types of natural accumulations: those caused through catastrophic means 
resulting in mass death, natural traps, cumulative deposits (usually caused by 
carnivores), and attritional accumulations.  Mass death, in which a group or herd 
dies in one locale by the same means, happens over a short time period (Haynes 
1988).  Natural traps (including cliffs, boggy areas and drying water sources) 
allow animals to enter an area, but not to leave; this usually happens in times of 
stress, such as storms or in search of water. Many different animals dying over 
time in different death events characterize cumulative death.  Carnivores hunting 
in a particular area or animals dying due to hazards in the terrain can cause 
cumulative death.  Attritional accumulations are the result of natural processes 
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moving bones (Graham and Kay 1988; Haynes 1988).  Mass wasting, fluvial 
action and aeolian action are all mechanisms that can lead to such accumulations.    
 Haynes (1988) researches modern death sites from a perspective that is 
useful to paleoecologists in his study “Mass Deaths and Serial Predation: 
Comparative Taphonomic Studies of Modern Large Mammal Death Sites”.  He 
accomplishes this by focusing on the processes that take place in death sites and 
includes descriptions and analysis of the bones undergoing these processes.  This 
makes his observations useful in understanding how natural deposits accumulate 
and what some of their characteristics may be.  Haynes (1988) compares mass 
death events, in which a group or herd died in one location by the same means 
over a short time period, and cumulative death, in which many different animals 
die over time in different death events.  Haynes (1988) includes two different 
types of cumulative death.  The author used direct observation of the animal 
deaths in Zimbabwe’s Hwange National Park and Canada’s Wood Buffalo National 
Park, returning over a four-year period to record descriptions and perform 
analysis of the bones.  The sites included four African Elephant mass death sites, a 
buffalo mass death site, and a cumulative death site from hyena predation with 
many species present in Zimbabwe, as well as a bison mass death site and a bison 
cumulative death site from wolf predation in Canada.     
 Haynes’ (1988) analysis shows that mass death sites and accumulation 
sites do not possess many differences in the kinds of elements that are 
represented.  Mass death sites do not always consist of just one species, and four 
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of the six sites considered in this case show species diversity that mimics the 
relative abundance seen on the landscape.  One of the cumulative death sites also 
exhibits this same pattern. Two of the mass death sites and one of the cumulative 
death sites show only one species present.  Mass death sites exhibit a higher 
density of bones than cumulative sites, but this is not exclusively the case, even 
within the sites studied in Haynes’ (1988:230) paper.  At both types of sites, the 
bones from small animals are not well preserved, even when the bones from 
large animals are preserved.  According to Haynes’ (1988) analysis, 
accumulations caused by carnivores reveal more innominates and skulls 
surviving in the deposit and mass death sites contain more skulls and upper limb 
bones surviving.  It was determined that the types and amount of bones being 
removed by scavengers could not be quantified and thus could not be factored 
out of the analysis and comparisons being conducted at the sites.  The author also 
states that bones would only be fed on at the sites under certain conditions when 
there was a scarcity of carcasses in the environment (Haynes 1988:230).  When 
there are more carcasses present the bones are usually removed from the site by 
scavengers and taken elsewhere.  Haynes briefly notes that all the sites studied 
were found near water or were found in areas where water would have led to 
ideal vegetation growth.  Thus it is probable that the presence of water may be a 
factor in both types of sites.   
 Tooth marks from carnivore gnawing are uncommon in most mass death 
and cumulative sites because there is either a large number of animals present to 
39 
 
feed from or, in the case of predation, the predators consume the rest of the 
animal and have no need to gnaw on the bones for additional food (Haynes 
1988).  The weathering in both mass death and cumulative sites varies 
throughout the assemblage from very deteriorated to fresh and greasy—even 
though the animals all died at relatively the same time.  The environments that 
the bones are found in at the same site also may play a role in the degree of 
weathering since some bones will be exposed to the elements and some may be 
protected or partially buried.  Haynes suggests that archaeologists and ecologists 
should be cautious when assuming that these types of sites would have 
consistent weathering stages throughout the site.  Mass death sites show both 
articulated and disarticulated bones and a high overall number of bones.  Sites 
that are the result of mass wasting or fluvial action show accumulations in 
specific areas (e.g., the toe of a slope or an area where water energy decreased), 
fragmentation, abrasion on the ends of bones, little carnivore damage, and better 
preservation of denser elements (Graham and Kay 1988, Haynes 1988).  
 Haynes (1988:233, Table 11) provides a table in his study that compares 
the attributes of different naturally occurring bison accumulation sites in North 
America, which is summarized below.  When the Hudson-Meng data are 
compared to that from the sites described by Haynes (1988), it can be concluded 
that Hudson-Meng shows some characteristics of each of these different types of 
naturally occurring sites, but does not conform to any particular one.  This 
comparison is discussed further in the Results chapter.  
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 An overview of the attributes of three different naturally occurring bison 
accumulation sites, as modeled by Haynes (1988:233), is presented here.  The 
three natural accumulations presented by Haynes include mass death, scavenging 
of a carcass, and predation.  A mass death site is usually located near water, and 
may include the edges of ponds, rivers, and lakes (Haynes 1988:233).  The bones 
at the site area are usually distributed in a tight circular scatter, and the number 
and type of elements present represent a half or whole animal.  In a mass death, 
gnawing may be present on some elements and the legs of the animal may be 
partially gone, but vertebrae, ribs, and skulls are usually unbroken with no 
gnawing.  Scatters of bone from different individual animals are frequently 
overlapping in mass death sites, and the site size may be near three by three 
meters.  Some articulated bones are usually present and occasionally animal legs 
may be articulated and in anatomical order.  Fractured bones may be present.   
 The locations of a scavenging site may include wooded areas, the edges of 
slow moving water (i.e., ponds and sloughs), and grasslands (Haynes 1988:233).  
Bones are usually distributed in a linear fashion or in many adjacent localities.  
The bones present at a scavenging site range in number, but the different types of 
elements number around 14, excluding bones of the foot, ribs, vertebrae, patellae, 
and hyoid.  The author does not go into detail about this exclusion.  Various 
stages of gnaw damage are usually present in a scavenging site, and the vertebrae 
are usually broken. The overlap of bones from different individuals is usually 
rare, but is seen occasionally. The size of a scavenging site is usually 15 by 15 
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meters, but if used by many scavengers at one time can be as large as 100 by 100 
meters (Haynes 1988:233).  The articulated bones at scavenging sites are usually 
limited to segments of the vertebrae and occasionally a leg.  Bones that are 
fractured are uncommon, unless the site is scavenged repeatedly.   
 Predation sites that are only scavenged minimally are usually found in 
locations of ponds (both the edges and center), sloughs, wooded areas and 
grasslands (Haynes 1988:233).  Bones at the site are usually scattered widely, 
and only about seven different types of elements are present, excluding bones of 
the foot, ribs, vertebrae, patellae, and hyoid. The author does not go into detail 
about this exclusion.   At predation sites, some long bones are usually found in the 
same stages of gnawing, and the overlap of bones from different individuals is 
rare and unlikely to occur.  The size of a predation site is near 40 by 40 meters, 
but can be larger if used by many groups of carnivores (Haynes 1988:233).  
Articulated bones may include the vertebrae, lower legs and skull, and bone 
fracturing is uncommon, unless the site is scavenged after predation takes place.   
 Russell Graham and Marvin Kay (1988), in their study, “Taphonomic 
Comparisons of Cultural and Noncultural Faunal Deposits at the Kimmswick and 
Barnhart Sites, Jefferson County, Missouri”, compared the depositional systems 
from two different contemporaneous sites, including depositional energies, 
taphonomy and the difference between natural and cultural accumulations.  
 Kimmswick consists of colluvial and alluvial deposits at the base of 
limestone bluffs and includes two Clovis components, underlain by deposits with 
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Pleistocene vertebrate fossils and no cultural artifacts and overlain by 
manganese stained gravels.  The upper layers of this deposit consist of pits that 
have been filled in with sediment and represent the layers that contain 
megafauna, microfauna and Clovis artifacts.  Above this is a Holocene colluvium 
deposit that contains Early and Middle Archaic chipped stone artifacts.  The 
Clovis and Archaic layers are easily differentiated from each other on the basis of 
artifact styles and stratigraphy.  Leached clays from the Holocene soils are 
moving downward and being deposited in the Clovis soils, which has increased 
the calcium carbonate present in the Clovis deposits, and in some cases, the 
underlying deposit.   
 Barnhart is a natural deposit that accumulated near limestone bluffs in a 
backwater lake or sedge area.  The limestone bluffs have created colluvial 
deposits from disintegration of the bluffs and from slopewash.  The slackwater 
deposits were formed by back flooding or by damming of the creek by the 
Mississippi River, which created a high-energy environment, and both fine-
grained and course-grained deposits are found in this area.  This site consists of 
four Pleistocene and one Holocene stratigraphic units that contain bone.  The 
lowest stratum that contains bone (Unit B) is a lag gravel of limestone cobbles 
and boulders interbedded with slit and clay.  Above this are pockets of a 
yellowish-tan silt, which is iron stained (Unit C).  Gray clayey silts that were 
deposited in a slackwater environment (Unit D1) overlay this and have pieces of 
the Unit C material intermixed.   Limestone and chert nodules as well as calcium 
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carbonate are also found in this layer.  Colluvial gravel overlies and interfingers 
D1, and is referred to as D2.  Above this is a thick Holocene colluvium composed of 
slope-washed loess containing limestone and chert clasts.   
 Graham and Kay (1988) interpreted Kimmswick to contain the remains of 
large game that were butchered at the site.  The Kimmswick deposit has more 
diversity of species present than the Barnhart deposit. The basal deposits at 
Kimmswick include Jefferson ground sloth (megalonyx jeffersonii) and American 
mastodon (mammut americanum).  The Clovis deposits include 23 mammalian 
species, which represent all vertebrate classes (fish, reptiles, birds, amphibians, 
and mammals).  Kimmswick also shows a wider range of size classes than 
Barnhart.  At Kimmswick, turtles, rodents, deer and mastodon were the most 
abundant and were seen in almost the same frequencies.  Bone distributions in 
the Clovis layers at Kimmswick are associated with artifacts and the distributions 
were determined by the authors not to be random.  The artifacts intermixed with 
the bone deposits include a high number of small lithic debris resulting from the 
modification of stone tools.  The cultural components at Kimmswick show 
concentrations of certain taxa and certain elements.  As an example, one area of 
the site has concentrations of bones from Harlan’s ground sloths (Glossotherium 
harlani) that would have been removed together with the skin during skinning of 
the animal, suggesting the skins were brought to the site and put in one place, 
where they then decomposed.  Kimmswick soils produce a more acidic burial 
environment than the Barnhart soils and have caused destruction to the bone 
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surfaces.  This destruction has impeded Graham and Kay’s study of bone 
modification as well as butchering marks.  The bones present in the Clovis levels 
are either very dense or are made of chemically resistant tooth enamel and thus 
not easily destroyed.  Manganese in the soil has also adhered to the bones 
creating patches of discoloration that may resemble burning.   
 The upper Clovis component at Kimmswick contains mastodon elements 
that are not proportional to their abundance in the mastodon skeleton (Graham 
and Kay 1988).  Most of the larger or long bones are not present in this layer, but 
the bones of the extremities are present.  This is not seen in the other Clovis 
component at Kimmswick or in any other older deposits at either this site or 
Barnhart.  In the Clovis components, all the bones were disarticulated and most 
of the more dense elements were complete.  There were also large quantities of 
unidentifiable fragments of proboscidean bones. Some turtle shell fragments 
were found, but no turtle bones were found.  Deer bones were also found and, as 
seen with the mastodons, the densest bones were found relatively intact.  The 
deer metapodials, vertebrae and pelvic girdles were more fragmented than other 
bones.  Bones that were found in coarse gravel were abraded and scratched and 
many bones at the Kimmswick site were unsuitable for analysis of polish and 
abrasion due to the post-depositional changes from the soils described above.  At 
Kimmswick the microdebitage was determined to be in situ based on its 
placement with the bones; it was not size sorted and would not have been 
removed by the site occupants (Graham and Kay 1988:238).  As a consequence, 
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the bones must likewise also be in situ and not transported by post-depositional 
processes.  The authors also conclude that the colluvial and alluvial deposition 
would have rapidly covered the deposits and not moved them significantly.  
 The Late Pleistocene faunal remains from the four strata at the Barnhart 
site are comprised of two species, American mastodon (mammut americanum) 
(95%) and stag moose (cervalces scotti) (5%) (Graham and Kay 1988).  Graham 
and Kay (1988) suggest that this faunal makeup may be the result of the 
backwater lake environment drawing in these species and its more limited 
accessibility to other species.  There are accumulations of bone in a few areas in 
the Unit B layers, which may correspond to changes in water movement.  In Unit 
C the bone was concentrated at the toe of a slope and imbrication on the bone 
suggests that it was moved downslope and accumulated on the colluvial fan and 
was then overlain by fine-grained deposits from backwater lakes.  The Unit D1 
deposits contain bones that were transported by colluvial gravels and then 
moved down stream by fluvial action.  These bones were oriented in a certain 
direction and imbricated, indicating they were transported by water.  The bones 
are relatively complete but cracked by clays and fluctuations in moisture.  Bones 
in the lag gravels of Unit B are more fragmented and abraded, and conform to the 
size of the geologic clasts in the deposit.  The bones in this gravel are not 
articulated and are fragmented, except in the case of the contact between the 
gravels and the clayey silt boundary.  Unit C, the yellowish-tan silt, has the lowest 
frequency of remains, and while the remains are more complete, they are isolated 
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and not articulated.  Bones from Unit D2 are abundant and highly fragmented.  
Bones found in the lag gravels are scratched and fragmented.  Bones that were 
broken as a result of being transported show equal amounts of polish and 
abrasion present on both ends of the breaks.  Carnivore damage was not seen on 
the bones at this site, except in one case, and Graham and Kay (1988) propose 
that post-depositional processes may have obliterated these marks.  At Barnhart, 
transportation of bone has led to redeposition of highly naturally modified bones 
together with those that are less modified and encountered in fine-grained 
sediments.  The authors warn that caution should be used when interpreting the 
meaning of scratches and abrasion because the grain size of the sediment the 
bones are found in may be different than the sediment that caused the damage.     
 
TAPHONOMY 
 
 
 Taphonomy is the study of modifications to bone that happened at the 
time of death or after the death of an organism.  Taphonomy can result from 
natural or cultural forces and occurs when certain agents modify bone.  In his 
article “Bone Surface Modifications in Zooarchaeology”, Fisher (1995) suggests 
that determining the skeletal parts present at an archaeological site is not 
sufficient to determine site use.  The modifications made to bone through 
taphonomic processes and human involvement can be used to make more 
confident determinations about which forces were at play in modifying bone.  
Understanding the taphonomic history of Hudson-Meng is important for 
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understanding the formation of the site and will likely prove instrumental in 
determining whether the site is natural or cultural.  When natural processes are 
identified and eliminated from consideration, cultural modification to a bone can 
be identified more confidently.  The identification of both natural and cultural 
modification should also decrease the occurrence of misidentification of natural 
modification as cultural.  
 One example of cultural modification would be fracturing of a long bone 
when it was fresh to extract marrow or make a bone tool.  Breaking long bones 
with an anvil would result in spiral fracturing, a mark at the point of impact, and 
possible flakes and marks at the rebound point (Lyman 1994:326).  The presence 
of these characteristics indicate human agency.  Bones do get broken, cracked or 
crushed naturally by trampling, the weight of overlying sediment, rockfall or 
other processes, but this is more common after the bones are drier and more 
brittle, and usually results in a different fracture pattern (Fisher 1995: 45, Lyman 
1994:324).  By identifying both the natural and cultural taphonomic 
characteristics, the processes that formed them can be determined, and informed 
interpretations can be made about the history of the site.  The taphonomic 
information collected on each bone, and the faunal assemblage as an aggregate, 
will allow the nature of the deposit to be determined.  Finding natural 
modification does not negate the possibility that the site is cultural, as natural 
taphonomic processes take place on all types of sites.  However, the absence of 
cultural modification means that the site is most likely not cultural in nature.  If 
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the deposit is determined to be cultural, it may also be possible to infer what 
activities may have been taking place and how people may have been utilizing the 
animals in the peripheral areas of the bonebed.   
 
Case Studies 
 George Frison and Lawrence Todd, in their 1987 book The Horner Site: 
The Type Site of the Cody Cultural Complex describe investigations at that site.  
The taphonomy at Horner is analyzed and described by Todd (Frison 1987a).  
The Horner site contains two Cody complex bison bonebeds located near the 
Shoshone Canyon and Shoshone River in Wyoming.  Staff from Princeton 
University and the Smithsonian Institution excavated the Horner site from 1949 
to 1952, and investigators from the University of Wyoming excavated a nearby 
extension of the site (Horner II) in 1978 and 1979.  The University of Wyoming 
excavations were used to conduct a more in-depth study of taphonomy at the site 
and to help develop taphonomic techniques for the interpretation of kill and 
butchery sites in general (Todd 1987).  The taphonomic analysis at Horner is 
especially relevant to the research at Hudson-Meng because the Horner II 
component contains an early Cody complex occupation dating to around 9900 
RCYBP and was analyzed by Todd prior to his work at Hudson-Meng. 
 Todd (1987:109) states that having a group of carcasses in one area can 
change the micro-environment of that area and lead to different taphonomic 
changes than would normally been seen if only one carcass was present.  The 
author also states that different areas of the site may have different features, such 
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as dips in the ground surface or the amount of vegetation, and that processes like 
scavenging and scattering of bones may only happen at the edges of a large site as 
opposed to throughout the site.  These factors can change the characteristics of 
taphonomy in different parts of the same site.  Todd (1987:110) notes that 
bonebeds that are paleontological will share some characteristics with culturally 
derived bonebeds and that the natural taphonomic signatures of bonebeds must 
be identified and removed from interpretive consideration to determine if any of 
the taphonomy is culturally derived.  He goes on to state that articulation and 
patterning at sites that have been interpreted as cultural may actually be natural 
and that natural changes will still take place after human involvement at a site 
until the point when the site is buried (Todd 1987).  Bone distribution and 
articulation patterns interpreted to be based on human-produced butchering 
units may not be accurate with these other natural factors at play. 
 Excavations at Horner II in 1978 and 1979 revealed a faunal assemblage 
that is comprised mainly of bison, with several other species present (Todd 
1987:113).  A single large block of bonebed was excavated, which was found to 
form a somewhat linear distribution.  The north and south sides of the bonebed 
showed different densities of bone and the edges of the bonebed were abrupt.  
Bones were coded in the field, and then coded again for element, portion, and 
segment in the lab.  Taphonomic characteristics were coded as separate 
attributes for greater consistency.  Todd (1987) notes that the bones were coded 
using a system developed by the Society of Vertebrate Paleontology.  Weathering 
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was based on Behrensmeyer's system, but Stage 0 was added and changed to be 
"unweathered, fatty" and Stage 1 was changed to be "unweathered, dry", with the 
remainder of the stages being coded in order from 2 to 6 (Todd 1987:123).  A set 
of deterioration stages was also introduced and used for the study as the 
deterioration of the bone was determined to be different than the weathering.  
During analysis, only the femora, tibiae, humeri and radii were coded for 
taphonomy; all other bones were only coded for identification of the parts of the 
elements that were present.   
 Most of the bone that was coded at Horner was found to be in Stage 1 of 
weathering with a few of the bones in Stage 2 (Todd 1987:120).  Deterioration 
had a large impact on the bones at Horner and most of the damage was found on 
the side of the bones that was oriented upwards (exposed to the surface) when 
excavated.  In general, younger animals had more deterioration on their bones 
than the more mature animals.  During excavation the most deteriorated bones 
were not collected so the faunal collection was somewhat biased toward less 
deteriorated materials.  This bias was addressed by examining the field 
descriptions of the bones that were not collected, and it was determined that 
more bone was discarded due to poor preservation from the northeast portion of 
the bonebed and less was discarded from the southwestern portion of the 
bonebed.  Season of death for the bison at Horner was reconstructed using the 
dentition from mandibles from the Princeton and Smithsonian, as well as the 
University of Wyoming excavations.  The bison were aged at 7.2 months after the 
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spring calving period (late April/early May), resulting in the kill occurring 
sometime in the late fall or early winter (Todd and Hofman 1978:495, 508).   
 Carnivore modification was noted on several bones from the University of 
Wyoming excavations (Todd 1987:150).  A study of humeri indicates that there 
was destruction of some of the proximal ends of these bones from carnivore 
damage (Todd 1978:137).  Furrows and punctures were found on some of the 
bones, and some were missing their epiphyses.  Most of the damage was to 
humeri, although most of the other bones in the collection were not affected by 
carnivore modification.  However, this last point may be attributable to the 
deterioration of the bones.  Overall, the carnivore damage to the collection was 
minimal.  The carnivore damage that did occur was found closer to the periphery 
of the bonebed rather than near the middle, which follows what Todd (1987:152) 
states is a pattern of more naturally-occurring processes towards the edges of a 
bonebed, and more human-produced processes near the middle.   
 Cultural modification to the bones at Horner was rare (Todd 1987).  Only 
two bones with cut marks were observed at Horner: one tibia (which had a 
definite cut mark), and one caudal vertebra.  Todd (1987:153) states that this 
limited occurrence of cultural modification is indicative of “low-bulk utilization of 
the carcasses”.  There was evidence that some bones were broken open when 
they were fresh and have evidence of cones of percussion from impact and marks 
at the point of impact.  Some of these bones have been refitted.  There were two 
tibiae that had some polish on the edges of the breaks.  There were several pieces 
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of charred bone, however, no additional evidence of cultural modification exists 
on these bones.  Todd (1987) suggests that even with the limited evidence of 
cultural modification, the rear limbs of the bison were modified by people more 
often resulting in fresh breaks, one cut mark, and two bones with charring.  No 
cultural indicators were identified on the front limb bones of the bison.   
 Todd (1987:140, 194) concludes that Horner II was the result of one 
episode of killing 65 to 70 bison.  This was based on the uniform weathering, the 
limited trampling damage, the limited bone dispersal and a single season of 
death.  He does state that multiple kill events that happened close together in 
time may also be possible based on the evidence.   
 Todd (1987:195) states that the cause of death of the animals was a mass 
death that is interpreted as a mass kill event.  This interpretation is due to the 83 
projectile points found with the remains (Bradley and Frison 1978:200, Todd 
1987:195).  The bison represent equal numbers of males and females, and forty 
percent of the animals were mature based on epiphyseal fusion.  Todd (1987) 
does note that the presence of projectile points occurring from the scavenging of 
a mass death event cannot be completely ruled out.  Most bison elements were 
found at Horner, which suggests that removal of the bones from the site did not 
take place or was limited.  The lack of cut marks indicates that large amounts of 
muscle were probably not stripped from the bones.  Several bones were impacted 
and broken, but these make up a small percentage of the bones from the site and 
most of the breaks found at the site happened once the bones had started to dry.  
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Two of the broken bones may have been used as expedient tools (Todd 1987:153, 
197; Frison 1987b 271-272).   
 Charring occurred on a limited number of bones and although they may 
have been near a hearth, this association is not clear.  Stone debitage at Horner 
was evident, but not much of the matrix was water screened and retained so the 
amounts of debitage and its association with the bones is not known.  However, 
Todd (1987) suggests that like the Jones-Miller site, Horner probably had 
debitage adjacent to burned areas where resharpening of tools, resting, eating 
and other activities may have taken place.   
 The occurrence of natural modification by carnivores is limited, however, 
it does occur on a number of humeri and some other bones show some damage.  
The carnivore damage is more frequent on the edges of the bonebed rather than 
in the middle of the bonebed.  The carnivore marks are interpreted to be from 
canids.  No rodent damage is recorded on the bones from Horner.  Weathering 
was not a large factor at Horner, but Todd (1987:197) states that the bones could 
have been protected by moisture and vegetation before they were buried, which 
could have led to less exposure and thus less weathering damage.  There was 
deterioration of the bone at Horner.  Deterioration removes the outer cortical 
bone and leaves the inner smooth cortical bone present.  This loss of the outer 
cortical bone could affect the kinds of modification that could be found because 
tooth marks or cut marks could be lost with this outer bone surface.  There was 
root etching present on several elements, but the degree of damage was minimal.  
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The weight of sediment on the bones had caused some to be crushed and 
deformed (Todd 1978:198).  
  
CONCLUSION 
 
 
 Hudson-Meng has been an area of interest for decades and has been 
investigated by many prominent researchers of bison kill sites and the 
Paleoindian period.  Although each has interpreted the site differently, they have 
all added to the collective body of knowledge about the site.  Excavation and 
research methodologies have changed over time and certain expedient and 
destructive techniques have fallen out of favor and more thorough investigation 
methods have become the norm.  To this effect, areas of Hudson-Meng that have 
been excavated and researched by Muñiz have employed a research design that 
emphasizes geoarchaeological techniques and investigates all timeframes of the 
site and also includes areas outside of the main bonebed concentration.  These 
techniques have led to the identification of additional cultural components based 
on the presence of artifacts.  A geologic trench was also opened in an attempt to 
investigate the soil profile of the site and to identify an area where the multiple 
paleosols at the site are in a non-welded state so they can be more thoroughly 
explored.  Agenbroad and Todd and Rapson probably missed some of these 
newly-identified components due to the excavation techniques employed at the 
time of the investigations.  The additional components identified under Muñiz are 
important to understanding the history of use at the site.   
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 This study of Hudson-Meng explores all of the areas of the site that have 
been excavated between 2006 and 2012 that have reached the Brady paleosol.  A 
traditional faunal analysis was undertaken, along with a taphonomic analysis.  
These analyses were used to explore the origins of the different components at 
Hudson-Meng and to help determine if they were laid down under the same 
conditions and in a similar manner.  The current study is the first attempt to 
study the faunal remains from the most recent episode of excavation.   
 Besides adding to the knowledge of the different components and 
completing identification of taxon and element—which can be added to the 
current knowledge of the site—this study attempts to add to the understanding 
of the site’s origins, which have long been debated.  Adding information from 
these newly-excavated areas and employing statistical techniques should help 
with more fully understanding Hudson-Meng.   
 The case studies employed here should help place Hudson-Meng into the 
greater body of work on the site and in the region.  The investigations by 
Agenbroad and Todd and Rapson were used to understand the site in greater 
detail and to understand the history of excavation and research.  These two 
episodes of investigation also explored similar evidence and led to different and 
sometimes conflicting interpretations.  This study of Hudson-Meng explores 
some of these same lines of evidence and asks some of the same broad questions.   
 Graham and Kay’s (1988) study on Kimmswick and Barnhart showed 
what were in some cases similar depositional and compositional environments to 
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Hudson-Meng.  Evidence that these authors used at Kimmswick to determine that 
the site was in situ also hold true for Hudson-Meng and can help support the 
interpretation that Hudson-Meng is an in situ deposit.  Haynes’ (1988) study of 
characteristics of naturally occurring death sites will be used to show that 
Hudson-Meng does not adhere to any of the trends for death sites presented in 
Haynes’ work, including mass death, which was the interpretation presented by 
Todd and Rapson (Todd et al. 1994; Todd and Rapson 1991, 1992, 1995, 1996, 
1997, 1999).  The Horner site was used for comparison to Hudson-Meng because 
it is the type-site for the Cody Complex, and some of the components at Hudson-
Meng may be from a similar time period based on site features, projectile point 
styles and radiocarbon dates.  It also happened to include a taphonomic analysis 
done by Todd (1987) in the style of his Hudson-Meng analysis, but several years 
before Todd and Rapson’s research at Hudson-Meng began in 1991.  The two 
analyses used similar techniques and in many cases uncovered similar evidence, 
but the authors came to different conclusions regarding the origins of the two 
sites (Todd 1987; Todd and Rapson 1991, 1997).  The information recovered at 
Horner and during this study, as well as previous studies of Hudson-Meng, seems 
to lend credence to a cultural origin for the main bonebed at Hudson-Meng, or at 
least opens room for further research and interpretation at the site.  A more in-
depth look at Hudson-Meng broken down by component and employing 
comparisons between components will be reported in the Results and Discussion 
chapters of this thesis.   
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Chapter III 
 
 
METHODS 
 
 
 At Hudson-Meng, 21 excavation units (Figure 2) were sampled based on 
the position of the paleosol and component boundaries with the goal of 
examining taphonomic, and zooarchaeological trends. Here, sampling 
justification, and taphonomic data collection protocols are described.  The data 
collection involved determining taxon identifications, identifying taphonomic 
characteristics, and recording other attributes of each sample.  Economic utility 
curves, and the utilization strategies they represent are introduced.  The use and 
premise of Jaccard’s statistical tests are described.     
 
SAMPLING AND ANALYTICAL UNITS 
 
 
 The Brady paleosol and the cultural component designations were used to 
determine which faunal samples to use for data collection and statistical analyses.  
The original sampling technique was modified to allow for greater horizontal and 
vertical control of the sampling units for statistical analyses after data collection 
was complete.     
 
58 
 
Brady Paleosol as Sampling Unit 
 The Brady paleosol was used as a sampling unit because it is a marker bed 
that is found throughout the site, with associated in situ samples.  An additional 
10 centimeters above and below the paleosol was included in sampling because 
faunal remains had been recovered there as well.  Samples were identified and 
selected based on the elevations that encompassed the paleosol, and 10 
centimeters above and below it in different areas of the site.  When this research 
project was first developed, the Brady paleosol was going to be used as a single 
matrix to be divided into analytical units.  The paleosol was going to be used 
because it is a marker bed that can be found throughout the site and is not 
dependent on previous archaeological interpretations about the site.  Once the 
taphonomic data were collected from faunal remains, and an attempt was made 
to divide the site into analytical units for analysis, it was determined to be almost 
impossible to use arbitrary positions within the paleosol to divide the site as 
originally planned.  The difficulty stemmed from the undulating nature of the 
paleosol, and not being able to define the top, middle and bottom of the marker 
bed based on pre-established master levels for each unit that were defined in 
five-centimeter intervals.  Due to this issue, cultural components newly defined 
by Muñiz for the site had to be used as analytical units for this analysis.  
Components 2, 3, and 4, as defined, did fall within the base, middle and top of the 
paleosol and thus the components were another way to define positions within 
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the paleosol, albeit with other archaeologically derived information being used in 
the determinations.   
 
Cultural Components as Sampling Units 
 Multiple cultural components have been identified after six years of 
excavation at Hudson-Meng.  The data collected each year allowed components to 
be defined during the fall of 2012.  Muñiz has identified five components in four 
different areas of the site by using in situ materials backplotted onto soil profiles 
(Muñiz 2012).  Recovered materials included bone, lithic artifacts, ochre, 
charcoal, and radiocarbon samples.  Certain characteristics of the components 
were identified as well, including the relative placement of each component 
within, above, or below the paleosol; patterns that were found to extend 
consistently throughout the site.  The chronology of the components was 
determined based on diagnostic artifacts, radiocarbon dates, soil and landform 
data, and relative position within the stratigraphy.  
 Muñiz identified five numbered components, and three additional 
components of unknown origin or association with the numbered components, 
and gave them the letter designations X, Y and Z.  After this process was complete 
Muñiz, with the help of the author, described the components in writing.  Based 
on the site datum, the base and maximum elevation was recorded for portions of 
the northing along the east line of stratigraphic profiles in each area of the site to 
allow for complete coverage of all excavated units.  These descriptions can be 
found in Appendix A.  These descriptions were made to facilitate placing a point-
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plotted object within a component based on its unit designation and provenience 
information.  Any object that was missing provenience data could not be placed 
into a component, and was not used for this analysis.  However, each piece that 
was missing provenience information was checked to see if it could still be placed 
in a component based on partial locational data combined with the lack of 
overlap of components in certain units or at certain elevations.  Very few objects 
(n = 5) could be reconciled in this way to be made a part of the analysis.  Forty-
one objects were excluded from analysis due to lack of provenience information.   
 The components that were defined were labeled 1 through 5, with 
Component 1 being deeper stratigraphically than Component 5.  Component 1 
dates to around 10,033 RCYBP based on a radiocarbon date from the Enclosure 
Trench and its stratigraphic position (Muñiz 2010b).  Component 2 is associated 
with the Alberta component dating to around 9820 RCYBP and is found at the 
base of the paleosol (Muñiz 2007).  Component 3 is associated with the Eden 
occupation dating around 9540 RCYBP and is found in the center of the paleosol.  
Component 4 is a culturally unaffiliated Late Paleoindian component and is found 
at the top of the paleosol.  Component 5 is a culturally unaffiliated component 
that probably dates to the Late Paleoindian period based on its position 
stratigraphically above Component 4 and below a younger paleosol (Muñiz 
2010b).  Unit M82-25 only has Components 3 and 4 identified in it so far.  There 
is material present in the area of Component 5 in Unit M82-25, but nothing 
clusters spatially or has been dated to a relative time period to place it within this 
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component (Muñiz, personal communication 2012).  Additional research has to 
be done to determine if Component 5 exists in this unit.  Component X is located 
in the western half of the Enclosure Trench and is located between Components 2 
and 3.  Component Y is also in the western half of the Enclosure Trench and lies 
stratigraphically below or adjacent to Component X.  Component Z is located in 
the FAND Trench below Component 4.  The areas of the site containing each of 
these components are listed in Table 2. 
 
Table 2:  Components identified in each area of Hudson-Meng. 
 Enclosure  
Trench 
North Block FAND Trench 
Component 1 X X  
Component 2 X X  
Component 3 X X  
Component 4 X X X 
Component 5 X X  
Component X X   
Component Y X   
Component Z   X 
 
 
SAMPLING AND DATA COLLECTION 
 
 
Bone Sampling Strategy 
 The sampling strategy employed was as follows.  All point provenienced 
bones and teeth from the 2006 to 2012 excavations that fell into the chosen 
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elevations for each area were studied.  These areas were based on the soil 
profiles that had been drawn from 2006 to 2012, after Muñiz had correlated the 
stratigraphy across the site.  The Brady paleosol was used as a reference to 
identify the specific bones to sample for data collection.  The Brady paleosol is 
found in each area of the site at different elevations.  Using the soil profiles, and 
the description of the areas that needed to be studied, the elevations and 
corresponding levels for each area of the site were determined (Table 3).  Unit 
M82-25 was added to analysis in 2012 when the surface of the Brady Paleosol 
was reached. 
 
Table 3: Elevations of Hudson-Meng sampled for analysis. 
Site Area Elevations Corresponding Levels 
Enclosure Trench 101.300 - 100.900 17 - 24 
Unit M82-25 101.000 - 100.900 23 - 24 
North Block 99.500 - 99.000 53 - 63 
FAND Trench 102.850 - 103.050 AML 15 – AML 19 
 Note: Above Master Level (AML) 
 
 
 A total of 21 different units from four areas of the site were used in 
analysis (Table 4, Figure 4, Figure 5, and Figure 6).  Unit M82-25 is grouped with 
the Enclosure Trench for analysis.  Units N80-8, O80-18 and P80-3, located in the 
Enclosure Trench, were identified as not containing bone.  Based on the units, 
levels and elevations that were determined to be part of this study, the catalog 
from each year was used to determine which samples needed to be gathered for 
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data collection.  The samples were gathered and cross-referenced with the 
catalogs.  Any samples that had contradictory information with the catalog were 
researched further, and determinations were made based on all available 
evidence as to the correct information for the sample before study was 
undertaken, and checked against the master provenience catalog once it became 
available.   
 
Table 4: Units used in analysis. 
Area Units 
Enclosure Trench N80-12, N80-13, N80-18, N80-19, N80-23,  
O80-8, O80-12, O80-13, O80-19, O80-23, O80-24, and P80-4 
North Block M93-21, M93-22, M94-24, and M94-25 
FAND Trench BB68-18, BB68-19, BB68-21, and BB68-22 
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Figure 4: Enclosure Trench area with units designated. 
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Figure 5: North Block area with units designated. 
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Figure 6: FAND Trench area with units designated. 
 
 
Cleaning 
 Many bone specimens required cleaning in order to observe surface 
modifications. Students in previous year’s faunal classes at St. Cloud State 
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University had dry brushed, and removed large amounts of soil from some of the 
bones.  Additional bones used in this study were also dry brushed.  Dry brushing 
the bones involved using a dry toothbrush to remove soil from the bone.  A 
bamboo pick was used to remove larger portions of soil from the bone, or remove 
enough soil so dry brushing was more effective.  Bamboo picks were minimally 
used directly on the bone to avoid causing damage.  
 Unfortunately, dry brushing still left thin layers of sediment adhered to 
the bone.  Surface modifications were not visible, and further cleaning was 
required. Before additional cleaning, small samples were used to experiment 
with the best way to clean the bones.  Schmid (1972) suggests the use of water 
and a light brushing for cleaning bone in the laboratory, and this technique 
worked well, and did not harm the bones.  This technique was only tested on 
small or fragmented bone, and large complete bone (i.e., not bones that had been 
fractured in situ and were being held together by sediment).   
 Testing of the brush and water technique showed that it did not work well 
on the large bones, which were usually in a lower stage of weathering.  Here, this 
technique caused small pieces of the outer layer of bone to flake off, and it was 
decided that the technique should not be used on bone in similar stages of 
weathering, which was mostly restricted to large bones like mostly complete long 
bones.  On these bones only certain areas were cleaned, such as points of impact 
or breaks, so these areas could be seen better.  Additionally, Unit O80-23 from the 
Enclosure Trench had many discolored bones that may be the result of mildew or 
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mold growth.  Using water on these bones caused some of the bones to crack 
between the planes of the bone, which were discolored when revealed.   
 The combination of dry brushing and using bamboo picks on the soil, 
followed by the brush and water technique, was found to clean the bones the best 
in the least amount of time, and did not cause harm to the bones, excepting the 
cases described above, where the technique was not used or minimally used.  The 
brush and water technique involved using a tub of water and a toothbrush to 
clean the bone without submerging the bone in the water.  A small circular sifting 
screen was placed in the water tub and all cleaning took place over this screen so 
any pieces of bone or lithics that may have been adhering to the bone, and 
removed with cleaning, could be recovered.  All bones were dried on drying 
screens for two to three days until completely dry and then replaced in their 
bags.   
 
Data Collection 
 All data were entered into a Microsoft (MS) Excel database.  The data 
recordation process that was first developed for this study involved collecting 
data on each piece of bone within each catalog number that was part of the 
sample.  For example, if one catalog numbered sample had 20 pieces of bone 
belonging to it, then 20 lines of data would be entered into the database.  Each 
piece was given a lab specimen letter so that each line of data could be correlated 
back to the piece it was collected from.  This process was used for all samples 
from the 2006 to 2011 field seasons.  During the 2012 field season an additional 
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550 catalog numbered samples were recovered and necessitated the use of a 
different method for collecting data due to the newly increased size of the 
sample.  To this end, and under the advisement of Muñiz, the methods were 
changed so that one line of data was recorded for each catalog number.  All the 
data from the earlier field seasons were retained and added to the database in a 
condensed form.  This involved collapsing the data down to one line as to match 
the 2012 data collection methods.  To accomplish this, counts and weights were 
combined and all presences in taphonomic characteristics were condensed into 
one line for the catalog number.  Collapsing the data did obscure the frequency of 
bones within each catalog number that had a characteristic and total weights 
were underestimated, however the frequency of each mark on each bone was not 
recorded and the overall analysis did not use frequency data or weight so the 
collapsing process did not negatively affect the analysis or results.  
 Identification of taxon from one or more fragment was used for the bone 
as a whole, since all the pieces were either from the same bone, or bagged and 
cataloged together because they were part of the aggregate of bone and 
determined not to be different during initial field collection.  In most cases, the 
methods of archaeology, and recovering point provenienced objects, lend 
themselves better to identification for the whole catalog numbered sample 
instead of each piece within the sample.  In fact, recording information about 
taxon for multiple pieces of bone, based on one piece, was a concern from the 
start of the project, and each fragment of bone was recorded based on its own 
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characteristics and identifiable features.  This change in methods better reflects 
the goals of the project, at least for the identification of taxon.  Other types of data 
and analysis that took place were also recorded in MS Excel databases, including 
MNI and NISP analyses and determinations.   
 
Identification 
 Taxon and element identification relied on published guides and 
comparative collections. Taxon and element were identified with the use of 
Schmid (1972), and Gilbert (1990), which illustrates the elements for Bos, Bison, 
and other large ungulates.   The University of Wyoming’s online Virtual Bison, 
which uses QuickTime to allow the viewing of bones in 360 degrees, was used as 
an additional source of identification.  Larry Todd’s (2001) Zooarchaeology 
website from Colorado State University was used for identification and for the 
coding system.  The pages for Skeletal Element Codes, and for Long Bone and 
General Portion Codes were used.  The codes were shortened versions of element 
names and portions of bone, and were used to simplify recordation.  The codes 
also allowed for the recording of more specific information about the portions of 
each element present.  Todd’s (2001) codes did not include specific element 
terms for the carpals and tarsals.  Codes were made to address identifications of 
elements in these cases that did not overlap with the codes developed Todd 
(2001).  The comparative collections from the Anthropology Department at the 
University of Minnesota were used to determine taxon for samples that could not 
be identified using the printed and online resources.  A confidence measure was 
71 
 
recorded for each sample.  This technique was used to calibrate how confident 
the researcher was in the identifications that they made.  The confidence interval 
is as follows; “1” is probable, “2” is very likely, and “3” is certain.   
 The element, portion and side for each bone were recorded if identifiable.  
When the element could be identified, the family, genus, and species were then 
determined using the sources above and recorded.  Size categories were also 
assigned and can be used in analysis in the event that specimens were not 
identifiable to a specific taxon. Size categories included small (e.g., rabbit or fox 
sized), medium (e.g., deer sized), and large (e.g., bison sized).  Information about 
whether each piece was part of a whole bone, or was a whole bone was recorded.  
Those bones that could not be identified were recorded as unidentifiable, which 
means they could not be identified by the author with the sources listed above.  
Age and sex were not determined, largely due to the fragmentary nature of the 
assemblage. Additionally, most dental remains were significantly fragmented and 
could not be identified to tooth or side, which inhibited age determinations.  In 
some cases, adults and juveniles could be differentiated based on the presence of 
fused and unfused epiphyses.  Further investigations could lead to more specific 
identifications and the potential for age and sex determinations.  Taphonomic 
data were recorded on all specimens, regardless of taxon or element 
identification.  
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Metrics 
 Each specimen was measured, weighed, and recorded in the project 
database.  For 2012, a weight was recorded for each catalog numbered sample 
and a measurement was taken if there was only one piece of bone or if multiple 
pieces of bone could be refitted.  If this could not be accomplished, then a 
notation of “not available” was recorded for the measurements.  Weights were 
taken on an Ohaus Scout Pro scale that could take a maximum reading up to 400 
grams.  Weights above 400 grams were taken on a triple beam scale.  Weights 
were taken to the tenth of a gram.  Any weights that were too small to be 
measured were recorded as <0.1 grams.  Weights were taken on each piece of 
bone for the 2006 to 2011 field seasons and on each aggregate for a catalog 
numbered sample for the 2012 field season. 
 Each piece of bone was measured in millimeters using digital calipers and 
to the tenth of a millimeter.  Any pieces too large to be measured with calipers 
were measured using an osteometric board and recorded in millimeters.  
Measurements for each piece were taken at the longest linear dimension and the 
width was taken perpendicular to this measurement and recorded.  This method 
is based on standard lab methods used in the SCSU archaeology lab.   
 
Other Data Collection Categories 
 A count of how many pieces of bone were contained within each catalog 
numbered sample was recorded.  Angularity was recorded for each piece.  The 
use of a geologic scale to determine angularity was attempted, but this scale did 
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not work well for bone due to the shapes and texture of the bone.  Instead, if the 
piece of bone had rounded edges along breaks and looked abraded, or was 
severely weathered, then “rounded” was recorded, and if the piece of bone had 
sharper edged breaks and did not look as abraded, then “angular” was recorded.  
This piece of information was recorded at the request of another researcher for 
use in another study.  A comments section was also used in the database to 
record any additional information, notes on the process or condition of a sample, 
or to describe things in further detail that were recorded elsewhere in the 
database. 
 
Taphonomy 
 The taphonomic data used in this study were partly based on Fisher ‘s 
(1995) criteria for determining cultural versus natural accumulation processes, 
and supplemented with information from other more specific or smaller studies.  
Cut marks, hammerstone percussion marks and weathering stages were 
identified using Domínguez-Rodrigo et al. (2009), Capaldo and Blumenschine 
(1994), and Behrensmeyer (1978) respectively.  Many of these additional studies 
provided detailed pictures that were used when differentiating between different 
types of marks or when determining the agent that made a certain mark.   
 The taphonomic information that was collected on each bone included 
natural and cultural modifications.  Natural bone modifications that were 
investigated in this study include: weathering, abrasion, polish, trampling, 
carnivore tooth marks, rodent tooth marks, digestion, root etching, rockfall, ice 
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movement, and manganese staining.  Cultural bone modifications that were 
investigated in this study include: cut marks, scrape marks, chop marks, 
conchoidal flake scars, bone flakes, percussion pits, percussion striations, 
incipient fracture cracks, crushing, punctures, gouge marks, spiral fracture, and 
burning.  Each of these was coded with a 1 for present or a 0 for absent for each 
bone during data collection. Bone surface modifications were identified with the 
use of the naked eye, a hand lens (10-15x magnification), and a Fisher Scientific 
Stereomaster microscope (7-45x magnification), which is sufficient for 
identification (Blumenschine et al., 1996).   
 
Natural Modification 
 Bone modifications that are produced by agents other than humans are 
described in Fisher’s (1995) article “Bone Surface Modifications in 
Zooarchaeology”.  Other researchers study specific types of natural modifications 
or comparisons between certain types of natural and cultural modifications 
(Capaldo and Blumenschine 1994; Domínguez-Rodrigo et al. 2009). These studies 
were used to determine the attributes of different types of taphonomic 
characteristics.  Natural bone modifications that were investigated in the present 
study of Hudson-Meng include: weathering, abrasion, polish, trampling, carnivore 
tooth marks, rodent tooth marks, digestion, root etching, rockfall, ice movement, 
and manganese staining.  
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 Bone weathering is the result of chemical and physical processes that 
cause decomposition, cracking, exfoliation, splitting and disintegration (Fisher 
1995:31; Lyman 1994:355).  Weathering varies in different regions and climates 
and can be useful in determining the amount of time bones were exposed prior to 
burial.  Weathering can cause other marks on bones to become obscured or 
destroyed (Fisher 1995:32).  Behrensmeyer (1978) conducted a study in Kenya 
on recently deceased animals where she returned to the sites over time to 
determine changes to the bones, leading her to create a 0-5 scale for  
weathering (Table 5). 
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Table 5:  Behrensmeyer’s weathering stages. 
Stage Typical Characteristics of Stage 
0 Bones are fresh and still greasy with no cracking or flaking from weathering. 
1 Bones show some cracking that is parallel to the structure of the fiber in the 
bone, mosaic cracking on articular surfaces, and tissue may be present. 
2 Bones show flaking and cracking on the outermost concentric and thin layers 
of bone, the bone edges flake first and long thin flakes are common.  Later on 
in Stage 2 extensive, deep flaking occurs until the outermost bone is gone 
and cracked edges are angular in cross-section. 
3 Bones show areas of rough and homogeneously weathered compact bone 
and an overall texture that is fibrous.  In the weathered patches the 
concentrically-layered bone is destroyed and the patches may extend to 
cover the entire surface of the bone.  Weathering is not deeper than 1.0 to 1.5 
mm and the fibers of bone are still attached to each other.  The edges of 
cracks are rounded in cross-section and tissue is usually not present. 
4 Bones have a surface that is rough and coarse where splinters of bone occur 
and may fall off the bone.  Weathering can develop through the bone into the 
inner cavities causing large cracks with edges that are rounded or splintered. 
5 The bone is falling apart in situ and large splinters are found adjacent to the 
whole bone.  The bone is fragile and easily broken when moved.  The shape 
of the original bone is not easily determined and cancellous bone is usually 
exposed.  In some cases the cancellous bone may outlast the compact outer 
layers of the bone. 
 Note: Stages from Behrensmeyer (1978). 
 
 
 Abrasion and polish can happen naturally through impact with wind-
blown sediment, freezing and thawing of sediment, tree fall, contact with soft 
materials (e.g., vegetation) or through movement in water (Fisher 1995:33, 34).  
Abrasion can result in rounding and produce rough areas and striations, and 
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polish is usually accompanied by sheen to the surface of the bone affected.  
Striations that are the result of sediment are commonly variable in size, are 
relatively abundant, and may have many directions of orientation (Fisher 
1995:35; Lyman 1994:381).   
 Trampling can also cause abrasions and can be detected by an abundance 
of variable striations that are randomly oriented (Fisher 1995:34; Lyman 
1994:381).  Marks caused by trampling can be curved or sinuous, may include 
discontinuous striations inside the mark, and microstriations (Domıínguez-
Rodrigo et al. 2009).   Trampling may also cause fracturing and conchoidal 
scarring of flakes that appear identical to humanly produced fractures and 
damage from the use of a hammerstone (Fisher 1995:36).  Fisher (1995:36) 
states that Haynes reports that the continued trampling of bones by elephants 
can cause conchoidal flake scars that are similar in appearance to humanly 
produced conchoidal scaring on bones.  Fisher does not go into more detail about 
the specifics of trampling producing similar damage to that caused by a 
hammerstone.     
 Gnawing by carnivores and rodents can produce bone modifications that 
include furrows, punctures, pits, striations, chipping, ragged edges, polish, and 
flakes with conchoidal fracture scars.  Species, age, tooth morphology and feeding 
strategy can all lead to different kinds of carnivore damage (Fisher 1995:38).  
Striations and conchoidal flake scars are the modifications most closely 
resembling human-induced modification.  Marks from carnivore teeth are usually 
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a uniform depth, mark all areas along their path and may have undulations on 
their borders (Fisher 1995:39).  Human-produced cut marks are usually 
shallower at the beginning and end than in the middle, skip over grooves in the 
bone and have more uniform walls than do their naturally-produced 
counterparts.  Tooth marks that are parallel, broad, and flat are usually caused by 
rodents and are more easily identifiable than carnivore tooth marks (Fisher 
1995:40).  Tooth marks made by herbivores may cause damage along the midline 
of bones and produce pitting, crushing, and polishing but do not resemble 
carnivore tooth marks or marks caused by humans (Fisher 1995:42).  Insects can 
create shallow burrows and grooves in bone and may be used to help identify the 
season of death (Fisher 1995:42; Lyman 1994:393-394).  Bones that are digested 
by animals and regurgitated show polish, erosion, thinning, dissolving and 
perforation (Fisher 1995:42).   
 Shallow and smooth-bottomed sinuous lines with a U-shaped cross 
section are a result of roots growing against the bones and are referred to as root 
etching (Fisher 1995:43; Lyman 1994:376).  Root etchings are easily identifiable 
but in some cases may be accompanied by pitting that may be confused with 
pitting from other forces.  Rockfall can cause damage to bone that is very similar 
to damage that can be produced by humans (Fisher 1995:27).  This can include 
the presence of conchoidal fracture scars on flakes, scratches that resemble cut 
marks, striations, and scrape marks.  Movement of ice over bone can cause 
striations, polishing and breakage (Fisher 1995:45).  Marks that are made with 
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modern excavation equipment and curation tools may also be present on bones.  
In most cases these marks are lighter in color than the rest of the bone surface 
(Fisher 1995:46).  
 
Cultural Modification 
 Human-induced bone modification results from different processes and 
produces different types of damage than does natural modification.  Cultural 
bone modifications that were investigated in this study of Hudson-Meng include: 
cut marks, scrape marks, chop marks, conchoidal flake scars, bone flakes, 
percussion pits, percussion striations, incipient fracture cracks, crushing, 
punctures, gouge marks, spiral fracture, and burning.  
 Cut marks are the result of a stone object moving across the surface of a 
bone and produce distinctive characteristics in the cross-section, borders and 
striations (Fisher 1995:12, 16; Lyman 1994:299).  A cut mark shows a V-shaped 
cross-section, straight trajectory, and continuous micro-striations inside the cut 
(Domínguez-Rodrigo et al. 2009).  Retouched tools result in marks that are broad 
and may include double grooves, flaking along the edge of the groove, and marks 
on the outside of the main groove (known as shoulder effect).  The placement and 
orientation of the marks can be used as context to further identify them.  
Scrapemarks are the result of a sharp stone tool edge being moved across the 
surface of a bone (Fisher 1995:18).  This process produces long, parallel, narrow 
striations and, in some cases, marks that are perpendicular to the striations.  A 
chop mark is characterized by a short, V-shaped, linear depression on a bone 
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produced through chopping to remove material or disarticulate bones (Fisher 
1995:19).   
 Bones that are broken with a hammerstone, sometimes with the aid of an 
anvil, so as to remove marrow or produce a bone tool may result in bone flakes 
and flake scars that are similar to those produced on lithic material (Fisher 
1995:21; Lyman 1994).  Characteristics may include: a bulb of percussion, 
negative bulb of percussion, platform, conchoidal rings or undulations, and lance 
marks (Fisher 1995:21; Odell 2003).  When a bone is struck in this manner the 
hammerstone and anvil may leave marks in the form of pits and striations (Fisher 
1995:25), either on the area of bone where the hammerstone struck or on the 
opposing side.  When the application of force delivered using a hammerstone is 
uneven or the bone slips it can result in striations.   Notches made by 
hammerstones on bovid size 1 and 2 long bones are broader and shallower than 
those made by carnivores and detached flakes are thinner than those made 
through natural damage (Capaldo and Blumenschine 1994).  An incipient fracture 
crack may be the result of any action that can fracture bone and is identified as a 
crack that runs the length of a bone (Fisher 1995:28).  Bone crushing can be 
caused by a strike with a hammerstone as well and results in the displacement of 
cortical bone into the cancellous bone (Fisher 1995:29).  Irregular punctures may 
be the result of forceful stabbing or striking (Fisher 1995:29).   
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 Polish can occur on bones that are used as tools for processing materials 
(Fisher 1995:31).  The polish may occur from the hand of the user or where the 
bone came into contact with the material that was being processed.  Spiral 
fractures may occur when a bone is struck when fresh (Lyman 1994:320).  The 
freshness of the bone when fractured results in similar color on both the cortical 
surface and the surface of the break.  Acute and obtuse break angles and a 
smooth texture are also a result.  Burning, when caused by cultural behavior, is 
usually only on certain elements and may include calcining of the bone.  Calcining 
occurs when the bone is exposed to extremely high temperatures (Lyman 
1994:389).   
 During analysis, the author decided to remove taphonomic characteristics 
that were made by an indeterminate actor from Jaccard’s statistical tests where 
only cultural or only natural criteria were being analyzed.  There were four 
taphonomic characteristics removed or separated into natural or cultural 
occurrences for this reason.  Polish was removed because natural and cultural 
occurrences of the trait can be indistinguishable except through context or 
possibly the area affected.  Some of the samples coded for presence of this 
characteristic are more likely cultural than natural.  When the polish was 
determined to be more intense and associated with other cultural modifications 
it was determined to be cultural and used in analysis.    
 Incipient fracture cracks were removed from analysis because the 
description of them in Fisher (1995) did not always match what was seen and 
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coded for during data collection, and because they can be the result of natural 
forces in some cases.  Some of the cracks seemed to match the description in 
Fisher (1995) and be on bones with other cultural characteristics and others 
seemed better explained by dry breaks that happened after burial of the bone.   
 Burning was removed from some analyses because it can be natural or 
cultural, especially when no calcining was observed.  There are also indications 
that one area in the Enclosure Trench that was investigated as a burn feature was 
probably natural and could have affected some of the bone (Muñiz, personal 
communication 2012).   
 Spiral fracture was removed from some analyses because, although in 
many cases it is probably cultural and is found on bones that have other cultural 
characteristics, it may be present due to other factors that occurred naturally 
after deposition, including trampling or compression.  Spiral fracture that was 
found in association with other cultural characteristics on the same bone that are 
used together as evidence of the intentional breaking of bone by humans were 
used in analysis (Lyman 1994).  The characteristics that were described by 
Lyman as evidence of the intentional breaking of bone when in association with 
spiral fracture include percussion marks, conchoidal flake scars, and bone flakes.  
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ANALYSES 
 
 
Calculating Number of Animals Present 
 Specimens that were identified to taxon were used in analysis for the 
calculation of MNI (minimum number of individuals), MAU (minimum number of 
animal units), and NISP (number of identified specimens).  Identifying a sample 
to taxon means that the element and the genus, or in some cases the family, the 
animal is from has been identified (Lyman 2008).  In this study any catalog 
numbered sample where the identification of element in addition to family, genus 
or species had been made was used, even when the identification was not of 
absolute certainty.  Any bones that were only identified in the element category, 
only in the family, genus or species category, or only in a size category were not 
used in analysis.  MNI and MNImax (maximum MNI) were calculated for this 
study following the methods and rational in Lyman (2008), as the calculation of 
the skeletal element that occurs most often for each taxon in an assemblage.  
Although there may be more animals present than the MNI indicates, there is at 
least the number represented by the MNI (Lyman 2008).  The most common 
element was determined based on the identified element that had the most 
overlapping portions and sides.  For example, if there were six femora, (four 
rights and two lefts) then the group of four rights would be looked at further.  If 
three of the right femora included the proximal end and one was just represented 
by the distal end, then the three overlapping proximal, right, femora would be 
used to calculate MNI, which, in this example would be three.  The MNI 
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calculations were done for each taxon identified in this study.  NISP is the number 
of elements represented for each taxon (Lyman 2008).  
 MNImax was developed by Grayson, and is a way to determine the 
maximum MNI that could be found for the site (Lyman 2008).  For this method 
the MNI is determined for each distinct recovery area that the analyst specifies 
and then the totals for these recovery areas are summed to get a maximum MNI.  
This method assumes that the distinct recovery areas do not overlap, and the 
movement of parts of the same animal or the bones from the same animal do not 
cross into other recovery areas.  Under this assumption, each recovery area is 
unique and contains bones from different animals, which allows the MNI to be 
calculated for each area, and then added together without the possibility of the 
MNI containing the same animal twice.  For this study cultural components were 
used as distinct recovery areas.  The cultural components were chosen because 
they have already been determined to come from different periods in time, are 
contained in different areas of the soil stratigraphy, and are in situ.  These 
temporally and stratigraphically distinct recovery areas meet the requirements 
of the method.  Thus, the possibility of movement of bone from one component 
into another is low, and the animals and deposition of the bones are separated in 
time.  Therefore, it is assumed that the bones of one animal are unlikely to be 
found in multiple components.  The MNImax is an MNI for the site as a whole 
regardless of different groups or generations of people using the site at different 
times; an assumption that does not differ from the regular MNI in this case.   
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 MNE (minimum number of elements) values were derived by determining 
the number of overlapping portions of each element present in the assemblage 
regardless of side or age (Lyman 1994).  MAU was then calculated by dividing the 
MNE of each element by the number of times the element occurs in a skeleton.  
This calculation derives the minimum units of an animal that would be necessary 
to account for the specimens in the assemblage.  Each value was then divided by 
the highest MAU value found to make all the MAUs relative to each other, and 
make each one a percentage of the largest one.  Multiplying each MAU by 100 
turns the number into a percentage and results in the %MAU (Binford 1978, 
Lyman 1994).  For example, if an MNE of five femora were calculated for a 
sample, that number would be divided by two, or the number of times that 
element would be found in one skeleton.  This would result in the MAU value, in 
this case, five divided by two and resulting in 2.5.  If 2.5 were the largest MAU 
found then it, and all other MAU values, would be divided by 2.5 and multiplied 
by 100 to turn them into percentages.  For example, if the MAU values found were 
2.5, 2, and 1.5, each would be divided by 2.5 and would result in 1, 0.8, and 0.6. 
Multiplying these results by 100 would turn them into percentages resulting in 
100, 80 and 60 percent.  
 
Deriving Utility Curves 
 Utility curves tell us something about the people who used the sites, and 
the types of decisions that they made about butchering (Binford 1978, Marean 
and Frey 1997, Metcalfe and Jones 1988).  For example, a “gourmet curve” shows 
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that people were removing the most desirable parts of the animal.  This curve 
may be found at a site with a large kill and thus a lack of need for intense 
butchering because of the availability of highly desirable parts (Marean and Frey 
1997).  A utility curve is a measure of the utilization strategy being used at a site, 
and is based on the elements present in a faunal assemblage.  The animal units 
for an assemblage are graphed against the economic utility of each element 
represented.  The overall trend or clustering of the points on the graph is used to 
determine the utilization strategy.  
 A utility curve for bison was derived for each component at Hudson-Meng.  
Each component is separated from the others temporally and stratigraphically, 
which means that kill episodes would not overlap between components and meat 
sharing would not have taken place over time, therefore each can be considered 
separately for analysis.  This also allows any differences in the utility curves of 
different cultural components to be discovered.  The bones that were identified 
to taxa and were found within a cultural component were used for analysis 
excepting teeth and horn, which would not be utilized for food and do not have 
economic utility information derived for them.  The number of each skeletal 
element present in a bison was used, along with MNE, to derive MAU.  %MAU was 
calculated from these results for each element.   
 Most scatter plots used to derive utility curves consist of the %MAU on the 
Y-axis of a graph and the MGUI, FUI or other utility on the X-axis of the graph 
(Marean and Frey 1997).  The %MAU derived for the assemblage at Hudson-
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Meng was graphed against the “Bison modified total products” (BMTP) from 
Emerson’s 1990 dissertation as reported in Lyman (1994:233 Table 7.4).  A 
search of the literature indicates that Emerson’s utility data seems to be the most 
extensive and up to date for the economic utility of Bison (see Byers 2002; Potter 
2007).  A best-fit line is then added or the general shape of the scatter plot is 
determined.  The shape of the curve or the overall trend of clustering represents 
the site's function and different curves are expected for residence and kill sites. 
 The following set of expected curves (Figure 7) were used for comparison with 
the results of the utility curves derived for Hudson-Meng.   
 
 
Figure 7: Utility curves based on %MAU graphed against economic utility 
(adapted from Metcalfe and Jones 1998:496).  The residence location graph 
represents the “frequency of body parts removed from kill-butchering sites” and 
the kill-butchery location graph represents the “frequency of body parts 
remaining at kill-butchering sites” (Metcalfe and Jones 1988:496). 
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Statistical Tests 
 The statistical tests used in this study are presence/absence similarity 
tests.  The Jaccard’s Index was the similarity statistic used because it is sensitive 
to rare occurrences in the assemblage. Other tests, such as Dice’s Similarity 
Coefficient would underestimate rare characteristics and allow the more 
abundant characteristics to overshadow or obscure the rare ones (Etter 1999).  
Jaccard’s and other similarity statistics were originally designed to evaluate 
taxonomic abundance and similarity in ecology and paleontology.  The statistic 
has been used in zooarchaeology more recently and continues to play a part in 
paleontological, ecological and biogeographical studies (Etter 1999).  Other 
studies where Jaccard’s or Dice’s have been used in a similar manner to this study 
have not been found.  Usually the presence or absence of different taxa is 
compared in various ecologic zones or study areas.  For this study, taphonomic 
characteristics are being used in the place of taxa in an assemblage, and the 
cultural components are being used in place of ecologic areas.  The basis behind 
using the statistic does not change, only the hypothesis being tested.   Therefore, 
testing the similarity or differences of the archaeological components based on 
their taphonomic characteristics instead of their taxonomic make up should 
reveal information about the environments and agents at work at the time of and 
after the deposition of the bones.  If the characters of the components are similar, 
then the components may have had similar environments and agents, cultural or 
otherwise, acting on them. Findings will assist in the understanding of the origin 
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of the bone, the timeframes of deposition, whether different components are 
distinct from each other; and if human action was involved, the similarity of 
utilization or processing strategies.   
 The taphonomic characteristics were recorded as 1 for presence or 0 for 
absence.  Once this was done it was necessary to combine the data for each 
component and/or each area of the site as the similarity statistics being used 
required comparing each row of data to each other row of data.  To allow the 
different components to be compared to each other, it was necessary to collapse 
the data for each component into one row.  To do this, any presence recorded in a 
cell for a characteristic in a component was counted as a presence for the 
component in general.  This had the potential to skew the data based on a very 
small number of samples having a certain characteristic in a component not 
being distinct from a large number of samples having a certain characteristic.  
This weakness was taken into account; however, the need of a similarity statistic 
for comparison made the test worthwhile despite the weaknesses.   
 The test was run using the program PAleontological STatistics (PAST) 
(Hammer et al. 2001a).  This program runs on Windows and performs univariate 
and multivariate analyses from spreadsheet based data, and incorporates basic 
analyses as well as multivariate analyses used in ecology and paleontology not 
commonly found in other statistics packages.  Jaccard’s in PAST requires setting 
up the data with areas to be compared in rows and the features to be compared 
in columns (Hammer 2012).  Binary coding was usually used in the cells, 
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however PAST allowed any positive number and converted it to a 1 for the 
equation.  The output for this test was given in a matrix and Jaccard’s indices 
were presented below the diagonal in the matrix (Hammer et al. 2001b).  The 
results generated in the output are a number between 0 and 1.  A result of 0 is no 
similarity and a result of 1 is identity.  A number closer to 0 is less similar than a 
number closer to 1.  The numbers in the diagonal are always 1 because one 
component is being compared with itself and is thus identical.   
 Most articles and methods found about the Jaccard’s Index do not state a 
significance level and some use cut off points based on the author’s discretion, or 
do not use cut off points at all and just use a relative comparison of the results 
(e.g., Dobson and Wright 2000; Ibarra-Manríquez et al. 2002).  Research on this 
topic suggests that the significance level is based on the question being asked and 
answers being sought.  Many articles where the method was being used did not 
state why certain levels were significant and why others were not significant 
(Dobson and Wright 2000; Ibarra-Manríquez et al. 2002).  Real (1999; Real and 
Vargas 1996) put Jaccard’s into perspective within statistics and developed a 
table for determining if a value is significant based on the samples being 
independent or having the possibility of species crossover, and the number of 
taxa marked as present for each row by row comparison.  This process for 
determining the significance of each value was very time consuming and is not 
commonly used with Jaccard’s Index statistics (Dobson and Wright 2000; Etter 
1999; Hammer 2012; Ibarra-Manríquez et al. 2002).  Due to this, the table was 
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considered, but ultimately not used. Instead, to divide the results up for further 
investigation, any results below 0.5 are not considered significant; however, 
these are divided into groups of 0.0 to 0.29 and 0.30 to 0.5 to better gauge what 
falls closer to 0.0 or no similarity.  Results of 0.51 to 0.7 are considered somewhat 
significant and 0.71 to 1.0 are considered highly significant.  These cut off points 
were arbitrarily chosen to reflect results below 50 percent similarity and above 
50 percent similarity, as well as to highlight results in the top and bottom 30 
percent of the possible range of results.  
 Jaccard’s Index was run in PAST on multiple variations of the data set.  The 
combinations tested include: 1) every cultural processing and natural 
taphonomic characteristic collected for the entire site; 2) every cultural 
processing and natural taphonomic characteristic except polish and spiral 
fracture of an unknown origin, incipient fracture cracks, and burning; 3) only the 
natural characteristics; 4) only the cultural processing characteristics; 5) only the 
cultural bone tool manufacturing characteristics; and 6) all cultural 
characteristics.  These same tests were run for all three areas of the site as well 
(North Block, Enclosure Trench, and FAND Trench).  Some tests for certain areas 
of the site could not be run or had to be run with limited information because 
PAST does not allow for observations with missing data to be used.   
 Jaccard’s Cluster Analysis was also conducted.  This was done to give a 
visual representation of which components were similar and to what degree.  
This test also shows how the components group or cluster together at a larger 
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scale. Cluster analysis uses the dissimilarity matrix, which is essentially the 
opposite of the Jaccard’s Index of similarity, as the basis for clustering (Etter 
1999).  Cluster analysis takes an individual sample and compares all of its 
attributes to all other samples’ attributes and links each one with its most similar 
neighbor to form a tree with branches that indicate a measure of the similarity.  
The first two samples with the lowest dissimilarity (i.e., the most similarity) are 
linked and then the next most similar sample is linked to those, and so on (Etter 
1999).  This process continues until every sample is included in the tree.  Besides 
being a visual representation of the relationships between the samples, cluster 
analysis can also be used to help make interpretations about the components by 
showing which components are taphonomically similar to each other based on 
the total number of attributes included in the clustering.  The Jaccard’s Cluster 
Analysis was set up in PAST in the same manner as the Jaccard’s Index described 
above; using the same data sets and the same variations and combinations of 
tests.  The results of a cluster analysis are displayed as a tree. The Jaccard’s 
Cluster Analysis trees were visually inspected for different trends between the 
samples and their taphonomic characteristics.  
 By conducting a Jaccard’s Index and a Jaccard’s Cluster Analysis, it was 
possible to determine if there was similarity between components and visually 
see the similarities and patterns, which helped structure deeper investigation 
into why those patterns emerged.  These analyses allowed the interrelationships 
of natural and cultural processes happening at the site to be determined and 
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explained in greater detail and with greater confidence than could be otherwise 
accomplished.  Hypotheses on site use over time can then be tested based on the 
knowledge of the site.   
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Chapter IV 
 
 
RESULTS 
 
 
 The Hudson-Meng assemblage was analyzed to determine the 
composition of faunal remains recovered from the site.  MNI, NISP, MNE and MAU 
were calculated for the assemblage, and in some cases, for each component.  The 
taphonomic characteristics and their frequencies are described and examples of 
each presented.  A bison economic utility index and the %MAU of the faunal 
assemblage were used to investigate the procurement strategy used by groups at 
Hudson-Meng.  The data recorded for the assemblage were used for statistical 
analysis and the results are presented along with an analysis of the site.  The 
results and a discussion of the research on this assemblage are described below.   
 The samples from the Hudson-Meng assemblage were identified to species 
when possible; bison, deer and rabbit were identified.  There was one instance of 
a possible bird bone from the Enclosure Trench area, but it could not be 
positively identified with a comparative collection.  The bison was not positively 
identified to species, but was not consistent with Bison bison based on 
comparisons between elements in the assemblage and those used for comparison 
during identification.  Agenbroad (1978b) and Todd and Rapson (1991, 1992) 
identified the bison at Hudson-Meng as being at an intermediate stage between 
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Bison bison and Bison antiquus.  This intermediate stage of bison evolution could 
be a mixing of Bison occidentalis from the north and Bison antiquus from the 
south, which happened in the Great Plains around the time of the end of the 
Wisconsin glaciation (Guthrie 1980).  The deer identified at Hudson-Meng have 
not been identified to species, however, white-tailed and mule deer are the most 
common in the Northwestern Plains and are most likely what are represented 
(Frison 1991).  The rabbit identified in the Hudson-Meng assemblage was not 
identified to species.  The most common rabbits in the Northwestern Plains that 
have been found in archaeological contexts are jackrabbits, cottontails, and 
snowshoes (Frison 1991).   
 
NUMBER OF ANIMALS REPRESENTED 
 
 
Minimum Number of Individuals 
 The MNI for the Hudson-Meng assemblage was determined after 
identification was complete.  The MNI for bison for the Hudson-Meng site was 
determined to be three based on the right proximal femur.  One additional right 
proximal femur was identified, however, it did not have provenience and all 
samples lacking provenience were removed from study.  The MNI for deer was 
determined to be one and the MNI for rabbit was also determined to be one.  
Table 6 illustrates the MNI for the 2006-2012 excavations at Hudson-Meng. 
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Table 6: MNI for the Hudson-Meng Site 2006-2012 field seasons. 
 
Identified Taxon Total 
Bison 3 
Deer 1 
Rabbit 1 
 
 
 The MNImax was also determined for the Hudson-Meng assemblage by 
determining the MNI for each taxon for each component in the site and adding 
the results together.  The MNI for Component 1 is one bison, based on a lack of 
overlapping elements.  Based on the identification of one juvenile bison and one 
mature bison glenoid fossa of the scapula, the Component 2 MNI is two.  The MNI 
for Component 3 is one bison because no elements overlap, one deer because 
there is only one element identified and one rabbit for this same reason.  The 
Component 4 MNI is one bison because there are no overlapping elements.  
Component 5 has only one element identified from a bison resulting in an MNI of 
one bison.  The MNI for the unassigned components was also determined.  The 
Component X MNI is one bison due to no overlap of elements and one deer due to 
only one element being present.  The Component Y MNI is one bison because only 
one element is present.   The Component Z MNI is also one because although two 
left ribs were identified, they were shaft fragments and the rib number could not 
be determined.  Because of this lack of identification and the possibility of the rib 
fragments being from the same rib or the same animal, an MNI of one was 
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recorded.  The MNIs for all of the components were added together to produce an 
MNImax estimate.  The MNImax is nine bison, two deer and one rabbit when all 
the components are used.  When the unassigned components are eliminated then 
the MNImax is six bison, one deer and one rabbit.  The following table (Table 7) 
illustrates the MNImax determinations for the 2006-2012 Hudson-Meng faunal 
assemblage.   
 
Table 7:  MNImax for the Hudson-Meng Site 2006-2012 field seasons. 
 Bison Deer Rabbit 
Component 1 1 - - 
Component 2 2 - - 
Component 3 1 1 1 
Component 4 1 - - 
Component 5 1 - - 
Total 6 1 1 
Component X 1 1 - 
Component Y 1 - - 
Component Z 1 - - 
Total 3 1 0 
Max Total 9 2 1 
 
 
Number of Identified Specimens 
 The NISP for the Hudson-Meng assemblage was determined after 
identification of elements and taxa was complete.  The NISP for Hudson-Meng for 
the 2006-2012 excavations is 63 bison, two deer and one rabbit.  This NISP 
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represents only the faunal material with provenience.  An additional 12 bison and 
one additional deer would be added to the above totals if non-provenienced 
faunal material were included.  The NISP for each component does not change the 
total NISP for the overall site, as is the case with MNI and MNImax, but is 
reported so the amount of identified material within each component can be 
illustrated.  However, not every sample that was part of the total assemblage was 
assigned to a component, but may have been from an area above or below each 
component.   
 Lyman (2008:78) states that in many cases the NISP from a site is a more 
realistic estimate of the animals that were present than the MNI, and since they 
both measure essentially the same thing, the NISP should be used in determining 
abundance.  The total NISP from the components is slightly less than for the 
overall site—by one element in this case.  Component 1 has an NISP of three 
bison.  Component 2 has an NISP of 27 bison.  Component 3 has an NISP of 14 
bison, one deer and one rabbit.  Component 4 has an NISP of nine bison.  
Component 5 has an NISP of one bison.  Component X has an NISP of five bison 
and one deer.  Component Y has an NISP of one bison.  Component Z has an NISP 
of two bison.  These totals are illustrated below (Table 8).   
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Table 8:  NISP for the Hudson-Meng Site from the 2006 to 2012 field seasons for 
all components. 
 
 Bison Deer Rabbit 
Component 1 3 - - 
Component 2 27 - - 
Component 3 14 1 1 
Component 4 9 - - 
Component 5 1 - - 
Component X 5 1 - 
Component Y 1 - - 
Component Z 2 - - 
Total 62 2 1 
 
 
TAPHONOMY 
 
 
Prevalence of Taphonomic Characteristics 
 Taphonomic characteristics were identified and recorded for each catalog 
numbered sample for the Hudson-Meng faunal assemblage.  Both natural and 
cultural taphonomic characteristics were included and recorded as present or 
absent for each catalog numbered sample.  The frequencies of these 
characteristics are reported here for the total site assemblage and for each 
component.   
 Condensed versions of these data, with presence or absence coded for the 
component, were used for the Jaccard’s Index and Jaccard’s Cluster Analysis 
reported below.  The following tables report the total samples used in data 
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collection, as well as the totals and percentages of each taphonomic characteristic 
for the whole study area and by component (Table 9, Table 10, and Table 11).   
 
Table 9: Total number of catalog numbered samples for the 2006 to 2012 field 
seasons. 
 
Component Number 
Total Catalog Numbered 
Samples 
Component 1  27 
Component 2 111 
Component 3 194 
Component 4 79 
Component 5 36 
Component X 30 
Component Y 38 
Component Z 10 
No Component 90 
Total 615 
Note: both the component totals and the samples that did not fall into 
the boundaries of a component are reported.   
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Table 10: Totals and percentages of identified taphonomic characteristics from 
the 2006 to 2012 field seasons. 
 
Taphonomic Characteristic Total number Total percent 
Weathering 543 88.29 
Abrasion 31 5.04 
Polish 8 1.30 
Trampling 2 0.33 
Tooth Marks - Carnivore 31 5.04 
Tooth Marks - Rodent 8 1.30 
Digestion 0 0.00 
Root Etching 146 23.74 
Rock fall 0 0.00 
Ice Movement 0 0.00 
Staining 68 11.06 
Cut Marks 14 2.28 
Scrape Marks 0 0.00 
Chop Marks 3 0.49 
Conchoidal Flake Scars 3 0.49 
Bone Flakes 6 0.98 
Percussion pits 4 0.65 
Percussion Striations 3 0.49 
Incipient Fracture Cracks 18 2.93 
Crushing 1 0.16 
Punctures 1 0.16 
Gouge Marks 0 0.00 
Burning 40 6.50 
Spiral Fracture 51 8.29 
  Note: Totals only include provenienced samples.  The total number of samples is 615. 
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Table 11: Totals and percentages of identified taphonomic characteristics by component for the 2006 to 2012 field 
seasons. 
 
  
  
Weathering Abrasion Polish Trampling 
Tooth Marks - 
Carnivore 
Tooth Marks - 
Rodent 
Count    Percent Count Percent Count Percent Count Percent Count Percent Count Percent 
Component 1  27.00 100.00 1 3.70 2 7.41 0 0.00 1 3.70 0 0.00 
Component 2 91.00 81.98 5 4.50 0 0.00 0 0.00 7 6.31 0 0.00 
Component 3 182.00 93.81 12 6.19 1 0.52 0 0.00 6 3.09 4 2.06 
Component 4 73.00 92.41 5 6.33 0 0.00 0 0.00 0 0.00 2 2.53 
Component 5 29.00 80.56 0 0.00 0 0.00 0 0.00 2 5.56 1 2.78 
Component X 22.00 73.33 4 13.33 2 6.67 1 3.33 10 33.33 0 0.00 
Component Y 36.00 94.74 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
Component Z 9.00 90.00 1 10.00 0 0.00 0 0.00 0 0.00 0 0.00 
 
  
  
Digestion Root Etching Rock fall Ice Movement Staining 
Count Percent Count Percent Count Percent Count Percent Count Percent 
Component 1  0 0.00 9 33.33 0 0.00 0 0.00 1 3.70 
Component 2 0 0.00 30 27.03 0 0.00 0 0.00 3 2.70 
Component 3 0 0.00 53 27.32 0 0.00 0 0.00 30 15.46 
Component 4 0 0.00 18 22.78 0 0.00 0 0.00 16 20.25 
Component 5 0 0.00 3 8.33 0 0.00 0 0.00 4 11.11 
Component X 0 0.00 13 43.33 0 0.00 0 0.00 2 6.67 
Component Y 0 0.00 6 15.79 0 0.00 0 0.00 0 0.00 
Component Z 0 0.00 3 30.00 0 0.00 0 0.00 2 20.00 
 
1
0
2
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Table 11 (continued) 
  
  Cut Marks Scrape Marks Chop Marks 
Conchoidal 
Flake Scars Bone Flakes Percussion pits 
Percussion 
Striations 
Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent 
Component 1  0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
Component 2 5 4.50 0 0.00 0 0.00 1 0.90 0 0.00 0 0.00 0 0.00 
Component 3 4 2.06 0 0.00 0 0.00 1 0.52 5 2.58 0 0.00 1 0.52 
Component 4 1 1.27 0 0.00 1 1.27 0 0.00 0 0.00 0 0.00 0 0.00 
Component 5 1 2.78 0 0.00 0 0.00 0 0.00 0 0.00 1 2.78 1 2.78 
Component X 1 3.33 0 0.00 2 6.67 1 3.33 1 3.33 2 6.67 1 3.33 
Component Y 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
Component Z 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
 
  
  
Incipient Fracture 
Cracks Crushing Punctures Gouge Marks Burning Spiral Fracture 
Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent 
Component 1  1 3.70 0 0.00 0 0.00 0 0.00 1 3.70 2 7.41 
Component 2 5 4.50 0 0.00 0 0.00 0 0.00 12 10.81 5 4.50 
Component 3 2 1.03 0 0.00 0 0.00 0 0.00 9 4.64 20 10.31 
Component 4 4 5.06 0 0.00 1 1.27 0 0.00 4 5.06 9 11.39 
Component 5 0 0.00 0 0.00 0 0.00 0 0.00 2 5.56 1 2.78 
Component X 5 16.67 1 3.33 0 0.00 0 0.00 3 10.00 7 23.33 
Component Y 0 0.00 0 0.00 0 0.00 0 0.00 1 2.63 0 0.00 
Component Z 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 
 
1
0
3
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 As can be seen in Table 10 and Table 11 above, five of the taphonomic 
characteristics were not identified on any bone: digestion, rock fall, ice 
movement, scrape marks and gouge marks.  Some characteristics were not 
identified often (trampling and crushing), but were found in the assemblage 
while others were more common (weathering, root etching and spiral fracture).  
Weathering and root etching were, by far, the most commonly observed natural 
taphonomic characteristics present.  Spiral fracture and cut marks were some of 
the most common cultural taphonomic characteristics, although their numbers 
were low overall.  Interestingly, each observed characteristic was identified in 
many different components.   
 Not every bone displaying a taphonomic characteristic was found within 
the boundaries of a component.  Cut marks, for example were found in five of the 
eight components.  Some of the characteristics cluster in certain components. For 
example, most of the bone flakes identified were found in Component 3.  The 
taphonomic characteristics are described below as they pertain to the analysis 
performed in this study, and examples are shown in each case.   
 
Natural Taphonomic Characteristics 
 
 Weathering.  The presence of weathering and the stage was recorded for 
each catalog-numbered sample.  Most of the samples showed weathering, usually 
falling within Stage 3 or Stage 4.  Stage 3 weathering in the assemblage consisted 
of some cracking or pitting around the edges, and sometimes surface, of the bone. 
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Stage 4 weathering was evidenced by more cracking and in some cases splinters 
attached to the main piece of bone.  Some samples had weathering that was more 
advanced than the bulk of the assemblage and were categorized as Stage 5.  
These bones were beginning to fall apart, and had a more powdery feel and 
appearance than the other bones.  Some of the larger, more complete specimens 
were in Stage 2 of weathering.  Darker, thinner, brittle cortical bone was 
something that was present on bones in Stage 2, but not present on most of the 
other bones in the assemblage.  Some of the bone pieces were small and 
weathering was either not evident, possibly due to the size of the bone, or a 
weathering stage could not be determined because features of weathering could 
not be identified on the small surface of the bone that was left intact.  Figure 8 is 
an example of weathering from Hudson-Meng.  
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Figure 8: Weathering (Stage 2) on the surface of a bone from Unit M93-21 (Cat# 
12-161).   
 
 
 Abrasion.  There were 31 samples in the assemblage that showed 
evidence of abrasion.  The abrasion was most typically striations in one or 
multiple directions that covered at least part of a surface (Figure 9).  In certain 
cases, striations that were potentially caused by shaping of the bone through 
human modification were noted.  In these cases, it was unclear whether the 
striations were abrasion from natural sources or from intentional modification of 
the bone.  These cases were only coded as abrasion when the striations were 
more natural in appearance.   
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Figure 9: Abrasion from sediment moving across the bone surface is found both 
horizontally and vertically on this bone (Unit BB68-22, Cat# 11-135).  
 
 
 Polish.  There was one instance of polish on a cranial fragment that was 
probably natural, or may be part of the structure of the bone.  The other instances 
of polish were all on bone tools or on bones associated with the bone tools within 
the feature (Figure 10).  These cases of polish were more intense and had a 
shinier appearance under a microscope.  One of the pieces had more polish 
evident in the remaining part of the exposed medullary cavity of the bone than on 
the outside surface of the bone.  Except for the first case of polish mentioned 
above, there was more evidence to suggest a cultural origin for the polish in the 
assemblage.   
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Figure 10: Polish can be seen on this bone tool on the tip and darker surfaces of 
the bone (Unit O80-19, FS# O80-19-117). 
 
 
 Trampling.  Only two cases of trampling were noted in the assemblage.  
The bones that were coded for trampling had striations in multiple directions and 
at different depths (Figure 11), which suggested trampling verses abrasion from 
sediment coming into contact with the bones or blowing across them.   
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Figure 11: Trampling has caused multiple striations along the surface of the bone 
(Unit M82-25, Cat# 12-295). 
 
 
 Carnivore tooth marks.  Tooth marks made by carnivores were identified 
as pit marks, gouges, and loss of bone that formed consecutive furrows.  Some 
specimens had many of these marks on a single bone while others were 
evidenced by only a few of these indicators.  The pit marks made by carnivores 
usually have cortical bone crushed down into cancellous bone inside the pits 
(Lyman 1994).  Carnivores typically focus on the ends or epiphyses of the bones, 
which therefore may be missing all together.  In the Hudson-Meng assemblage, 
pits, gouges, and a total loss of parts of a bone were all identified (Figure 12).  
Component X had the most carnivore damage.  Thirty three percent of the bones 
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in Component X showed carnivore damage, while the other components all 
showed carnivore damage on less than 10 percent of the total sample.     
 
 
Figure 12:  Carnivore gnawing has caused furrows along the edge of this bone 
and tooth punctures in the bone surface (Unit N80-13, Cat# 08-072).  
 
 
 Rodent tooth marks.  Rodent Tooth Marks were identified in Components 
3, 4, and 5, but included only a total of eight catalog numbered specimens in the 
entire assemblage.  Figure 13 illustrates rodent gnawing on bone.     
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Figure 13:  Rodent gnawing has altered the shape of this bone on almost all sides 
(Unit N80-12, Cat# 11-295). 
 
 
 Digestion.  No digestion was identified in the assemblage. 
 
 Root etching.  Almost 24 percent of the assemblage had root etching 
present, and it was noted in every component.  Some specimens had root etching 
as well as calcium carbonate root casts adhering to the bone (Figure 14).  In some 
cases there were roots still attached to the bone or in soil that was removed from 
the bone during cleaning.  The presence of root casts and fresh roots indicates 
that root etching has been an ongoing process at the Hudson-Meng site.   
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Figure 14: Root etching can be seen as lighter, sinuous grooves along the darker 
colored area of this bone.  Also note the calcium carbonate root casts adhering to 
the bone surface (Unit N80-18, Cat# 06-018). 
 
 
 Rockfall.  No rockfall was identified in the assemblage.   
 
 Ice movement.  No ice movement was identified in the assemblage.  
 
 Manganese staining.  Staining from manganese in the soil was identified 
on 11 percent of the bones.  Most of the bones with staining were found in 
Components 3 and 4.   An example of manganese staining can be found in     
Figure 15. 
 
113 
 
 
Figure 15:  Patches of manganese staining (darker mottling) can be seen on the 
surface of this bone (Unit M82-25, Cat# 12-368).    
 
 
Cultural Taphonomic Characteristics 
 
 
 Cut marks.  Fourteen catalog numbered samples had cut marks identified 
on them.  In some cases there were multiple cut marks found on one bone or on 
the group of bones making up a catalog numbered sample (Figure 16).  The only 
components without cut marks were 1, Y, and Z, which were also the three 
components with the least amount of cultural modification present.  Most of the 
cut marks were V-shaped, although U-shaped cut marks were also identified.  The 
cut marks had striations along the walls of the mark in many cases and were 
tapered, or deeper near the center than on the edges.  All of these characteristics 
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are attributes of cut marks made by lithic tools and distinguish them from marks 
by other agents (Domínguez-Rodrigo et al. 2009; Fisher 1995; Lyman 1994).   
 
 
Figure 16: There is a series of cut marks present on this bison rib (Unit M93-21, 
Cat# 12-161).  The darker lines near the center of the photo are root etchings.   
 
 
 Scrape marks.  No scrape marks were identified in the assemblage.  
  
 Chop marks.  Chop marks were identified on three specimens, which 
included the bone tools in Component X.  The only other instance of a chop mark 
was on a piece of bone from Component 4 in the Enclosure Trench (Figure 17).  
There was one other piece of bone with chop marks present that was from the 
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same unit (N80-13) as the bone tools found in Component X, however, that 
specimen was dropped from analysis due to a lack of provenience information.   
 
 
Figure 17:  The chop mark on this bone can be seen in shadow to the left of 
specimen label (Unit O80-8, Cat# 12-173).   
 
 
 Conchoidal flake scars.  Three specimens showed evidence of conchoidal 
flake scars, which are usually present on bones when they are broken open while 
reasonably fresh, as they break much like lithic material when it is flaked (Fisher 
1995; Lyman 1994).  All three of the instances of conchoidal flake scars were 
found along with other evidence for bone breakage including spiral fracture in all 
three cases, bone flakes in two cases, and percussion pits and crushing in one 
case (Figure 18).     
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Figure 18: Conchoidal scarring can be seen on the surface of this bone flake and is 
a result of an impact to a bone that causes it to fracture (Unit O80-8, Cat# 12-
188).  
 
 
 Bone flakes.  Six instances of bone flakes were found in the assemblage 
and all except one were identified in Component 3 (Figure 19).  All but one of the 
bone flakes from Component 3 were recovered alone, while others were 
recovered along with larger pieces of bone.  The sample that included bone flakes 
in Component X also had indications of being broken through human 
involvement.  The specimen was identified as a bison femur and had a spiral 
fracture that was associated with a percussion pit and a mark made from the use 
of an anvil at the opposite side of the shaft.   
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Figure 19: Bone flakes recovered from the Enclosure Trench area.  Fracturing to a 
bone can cause small flakes of bone to separate from the impact point.  
 
 
 Percussion pits.  Percussion pits were identified in Components 5 and X 
and one of the samples identified in the assemblage was not associated with a 
component.  Percussion striations were associated with percussion pits in two of 
the four instances of modification (Figure 20).  The bone that was not associated 
with a component also had indications of polish and possible flaking.  One of the 
other instances of percussion pits is noted above on the bison femur with 
associated bone flakes.   
 
 Percussion striations.  Three instances of percussion striations were noted 
for the assemblage.  In all cases except for one, the percussion striations were 
associated with percussion pits (Figure 20).  The other instance of percussion 
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striations was on a sample that also had abrasion, rodent gnawing, root etching 
and burning, but no other indicators of cultural activity.   
 
 
Figure 20: A percussion pit (from impacting a bone), and associated percussions 
striations (from a hammerstone or other object slipping on impact) can be seen 
on this bone (Unit N80-13, Cat# 07-250). 
 
 
 Incipient fracture cracks.  There were 18 instances of incipient fracture 
cracks noted in the assemblage. However, some of these were on bone that also 
had dry breaks.  In many cases a definite distinction could not be made between a 
crack that ran the length of the bone and could be interpreted as an incipient 
fracture crack (Figure 21) and a dry break that resulted in cracks along some part 
of the length of the bone.  There were also some bones that seemed to have 
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incipient fracture cracks, however the bones were made up of pieces of bone that 
had dry breaks evident on them and were being held together by soil in some 
sections or over most of the bone.  Due to these discrepancies incipient fracture 
cracks were not used in the statistical analysis of the taphonomic modification.  
There were cases in which incipient fracture cracks were coded for a sample that 
also had indications of other cultural activity, including cut marks, and one case 
where multiple types of cultural modification were present.  There were a few 
cases of spiral fracture being noted along with incipient fracture cracks but no 
other cultural modifications.  Many of the instances of incipient fracture cracks 
were identified on large bison long bones, while most of the other instances were 
on bones that were identifiable to taxa.   
 
 
Figure 21:  An incipient fracture crack can be seen running the length of the bone 
(horizontally in the photo) (Unit M94-25, Cat# 10-087).  
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 Crushing.  There is one instance of crushing, which is associated with 
other indicators of cultural modification on a bison femur from Component X 
(Figure 22).   
 
 
Figure 22: Crushing, in this case from the use of an anvil when breaking open the 
bone, can be seen on the surface, adjacent to the spiral fracture. (Unit N80-18, 
Cat# 06-018).   
 
 
 Punctures.  There is one instance of a mark on a bone that is probably a 
puncture.  A carnivore tooth mark could not be ruled out as the cause of the 
puncture, although there were no other indications of carnivore damage to the 
bone (Figure 23).  Component 4, the component this mark was recorded in, did 
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not have any other instances of carnivore damage making a carnivore tooth mark 
even more unlikely.  During analysis it was concluded that the mark was more 
likely a puncture based on the attributes of the indentation.  
 
 
Figure 23: A possible puncture, possibly from stabbing or impacting a bone, can 
be seen as an indentation to the side of the bone (Unit O80-23, Cat# 06-037).  
 
 
 Gouge marks.  No gouge marks were identified in the assemblage. 
 
 Spiral fracture.  When found in association with other indicators of bone 
modification that could be the result of intentionally breaking bone, spiral 
fracture was considered cultural.  Lyman (1994) describes the human action of 
breaking bone resulting in spiral fracture associated with conchoidal flake scars, 
bone flakes, percussion pits and percussion striations.  It is not possible to 
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determine the cause of spiral fracture without other indicators of the causal 
agent.  Some spiral fractures were found in isolated cases, but without other 
indicators of associated bone modification the agent was unknown and 
potentially natural.  Only those spiral fractures that were most likely cultural 
were considered during statistical analysis.  Spiral fracture that was the result of 
an undetermined force was not used in statistical analysis.  Components that had 
culturally derived spiral fracture included 2, 3 and X.  Spiral fracture that was 
derived from an unknown force was found in Components 1, 2, 3, 4, 5, and X.  
Figure 24 shows a spirally fractured long bone fragment with conchoidal flake 
scars on the opposite cortical bone surface. 
 
 
Figure 24:  This long bone shaft fragment shows spiral fracture and features 
angled cortical bone sidewalls (Unit O80-13, Cat# 08-505). The conchoidal flake 
scars present on this bone are not shown. 
 
 
 Burning.  It was not determined whether burning was the result of natural 
or cultural modification because calcined bones, usually associated with direct 
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contact with fire during cooking, were not found.  The slight burning that was 
found could be indicative of both a natural and a cultural origin (Figure 25).  
Additionally, natural burn features were found in the Enclosure Trench, and 
warrant caution when identifying the cause of burning identified on bones.  Due 
to its unknown origin, burning was not used in the statistical analysis.  Burning 
was identified in all components except Z.   
 
 
Figure 25: Burning covers many areas of this bone and can be seen on the left in 
this photo (Unit M94-25, Cat# 10-194). 
 
 
BONE TOOLS 
 
 
 One feature of shaped bones and bone fragments from Component X and 
two shaped bones from Component 1 represent the extent of shaped bone tools 
in this study.  The first bone tools were discovered in 2007 in Unit N80-13 in the 
Enclosure Trench.  Muñiz (2008c:27) described the bone tools as being grouped 
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together and oriented into the paleosol at 52 to 60 degrees, which was unusual 
for the site.  The bone tools from Unit N80-13 were described as follows:   
The feature consisted of a small tightly clustered accumulation of six 
larger bone fragments and at least 12 smaller pieces oriented in a mostly 
vertical column. … Of the six larger pieces, the two longest ones were 
laying tightly together in the same orientation and both are longitudinally 
split sections of a large mammal long bone. The longer of the two is 
approximately one centimeter wide at its maximum width and three 
notches are present in the side of the cortical wall near the upper end of 
the fragment. …[T]he bone fragment feature was clearly in primary 
matrix. The notches and surrounding surface of the bone have been 
examined under low power magnification and no evidence for rodent 
gnawing is present…. The shape of the notches can be described as a 
rounded bottom ‘V.’  Higher magnification analysis of the bone and surface 
of the three notches is needed to analyze for use-wear. However, at this 
preliminary stage the lack of rodent gnawing, regularity of the notch 
shapes, location of the notches near the end of the split bone fragment, 
and steep orientation of the bone fragments into the paleosol indicates 
that the notched bone fragment was intentionally shaped and that the 
feature itself is cultural. A preliminary interpretation of the function of 
this feature is that it represents the broken remains of a bone stake or pin 
(or two stakes/pins) that was lodged into the paleosol and left in place 
when the site was abandoned. [Muñiz 2008c:27] 
 
 Further inspection of these bones during data collection show intense 
polish, chop marks, spiral fracture, and striations, and some feature multiple 
rounded V-shaped notches with side walls that appear to have the same angles.  
There are two bone tools cataloged as 07-199.  One appears to have chop marks 
at one end of the bone and two distinct grooves or notches near the same end of 
the bone.  The notches are angled and blunt at the base, with smooth sidewalls.  
The end of the bone has a series of small overlapping chop marks that are 
oriented in many different directions.  The bone also has small striations on some 
parts of the surface.  The second long bone tool is Cat# 07-074, which refits with 
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Cat# 07-199 described above.  This bone also has chop marks at the end of the 
bone that probably did not result from the breaking open of the bone, but from 
some other action.  There are also two notches on this bone that are at an angle 
with smooth sides and no apparent tool marks.  The notches seem intentionally 
shaped as they have the same shape and the angle of the sides differs on the 
distal wall and the proximal wall of the notches.  The shape of the notches is 
reminiscent of a backwards “j”, with one steep wall and one more gently sloping 
wall.   
 A second bone tool, cataloged as 07-200, has three notches in a row near 
the tip of the bone that have smooth sides and seem to be equal distance apart.  
The three notches appear to be formed from both the inside and the outside of 
the shaft of the bone and meet in the center of the mark.  The center point of each 
notch is located in a slightly different spot.  The characteristics of the notches 
resemble perforations, which leave a mark near the center of the perforation 
point, can show an hourglass shape in circular punctures and can be unequal due 
to the biconical nature of the puncturing.  The notches show the same backwards 
“j” shape as the previously-described notches and have a rounded V-shaped 
bottom with differently angled sides.  The three notches appear to have a similar 
shape and form a continuous pattern.  There is polish on the surface of the bone 
tool, which is clearly visible under the microscope.  The tip and part of the first 
notch show polish and are worn down from contact with materials during use 
(d'Errico and Henshilwood 2007:146-148, 151, 156).  Catalog number 07-202 is 
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associated with the bone tools and is a single piece of bone that shows polish, but 
nothing else significant. Catalog number 07-203 was removed from analysis due 
to a lack of provenience information, but represented one bone with no 
significant information.  Catalog number 07-204 shows chop marks, but was 
removed from analysis due to a lack of provenience.  Both 07-203 and 07-204 are 
from the same feature as all the bone tools described above.   
 More bone tools were discovered in 2012 in Unit O80-19 and are 
cataloged as Catalog number 12-151 and FS# O80-19-117 (no catalog number 
recorded).  The bone representing Catalog number 12-151 looks highly polished 
with one rounded end that is beveled on the opposite face and that resembles a 
rounded bone tip.  Striations are present on the beveled area, which are partly 
obscured and show rounded edges, possibly from use of the tool wearing down 
the striations from initial manufacture (d'Errico and Henshilwood 2007:146-148, 
151, 156).  The other end of the bone appears to be intentionally shaped both on 
the end and partly down the sides creating a beveled edge.  The shaping has left 
striations on the affected area that run perpendicular to the structure of the bone 
and in the case of the end of the bone, striations are found in at least two 
directions.  The inside of this bone, or the medullary cavity, has more polish 
present than the outside of the bone.  Polish is also found on the ground and 
beveled end of the bone, especially on the margins of the edges and the base.  
d'Errico and Henshilwood (2007:147 and 156) describe polish on bone tools that 
results from the user’s hand and note that the polish is somewhat localized or 
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does not cover all surfaces evenly, and may also appear on convex or raised edges 
of the bones (also see Lyman 1994:345).  The polish on the medullary cavity and 
base of the bone tool described here seems to fit this description of localized 
polish.  FS# O80-19-117 consists of three bones that represent two shaped bone 
tools, both of which are pointed.  One of the pointed bone tools shows some 
polish on the tip and on the edges as well as burning on the tip. There are no 
identified marks from shaping on this bone.  The other pointed bone from FS# 
O80-19-117 consists mainly of the bone tip.  The tip is rounded, uneven and 
highly polished.  Other surfaces on the bone are also polished, with more polish 
present on all of the edges and the tip.  The opposite end of the bone and part of 
the surface is rough, lighter in color, and seems to represent an old break.  The 
additional piece of bone from this FS# refits with the highly polished bone tool 
tip just described, is not pointed like the other two bone tool pieces, and has one 
straight and one curved long edge.  The bone surface is polished, which is more 
evident microscopically, and more intense on the edges and in an area slightly off 
centered on the top surface of the bone.  Both ends of the bone are broken 
revealing the lighter colored interior of the bone and extending part way down 
the bone’s length.  No other characteristics were found on this piece of bone.  A 
summary of the number of bone tools and the components they were found in is 
reported in Table 12.      
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Table 12: Component designation and total number of bone tools in each 
component. 
 
Tool Component 
Cat# 07-074 X – Feature 1** 
Cat# 07-199 X – Feature 1** 
Cat# 07-200 X – Feature 1 
Cat# 07-202 X – Feature 1 
Cat# 07-203* X – Feature 1* 
Cat# 07-204* X – Feature 1* 
Total 3 
Cat# 12-151 1 
FS# O80-19-117 (contains 3 tools) 1 
Total 2 
Note: * indicates cataloged numbered samples without a specific 
provenience, which were removed from statistical analyses.  These 
samples are described above.  ** indicates bones that refit and represent 
one bone tool. 
 
 
 Some other possible modified bones were encountered during analysis, 
but it is unclear whether they were intentionally shaped or modified by humans.  
Many of the bones that may be shaped or intentionally modified include 
striations, grooves or irregular shapes.  The bone tools identified from the 2006 
to 2012 excavations at Hudson-Meng have been described above and are shown 
below in Figure 26. 
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Figure 26: Bone tools identified from the 2006-2012 excavations at Hudson-
Meng (From left to right, Cat# 07-199 (07-074 refits with this piece, but is not 
pictured here), 07-200, 12-151, FS# O80-19-117 (all three bones on the right, the 
first and third of these three refit). 
 
 
 Worked bone recovered and described by Agenbroad (1978c) includes 
pieces reminiscent of the bone tools identified during the 2006 to 2012 
excavations.  One piece of bone has what appear to be two notches and is 
described as a “random piece of bone whittling” (Agenbroad 1978c:66).  This 
piece has notches that seem similar to those found on the bone tools from the 
feature in Unit N80-13.  Another piece of shaped bone from the 1970s excavation 
has a rounded tip and is described as being “shaped to a ’peg-like’ form” 
(Agenbroad 1978c:66).  This bone has a shaped tip that is similar to a bone tool 
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from Component 1, although the bone tool from Unit O80-19 appears to be 
narrower.   
 
Bone Tool Taphonomic Characteristics 
 Lyman (2004:340) states that modification of bones by humans 
specifically to produce certain types of morphometry can be classified as 
“manufacturing modification”.  Some bone specimens are identified as artifacts 
because “’no reasonable combination of conceivable agents other than people 
could have produced the modifications’” (Lyman 1994:340).  d'Errico and 
Henshilwood (2007) analyze the manufacturing modifications on bone tools from 
Africa and the descriptions and figures in the article were used to further 
understand taphonomic characteristics specific to bone manufacturing and to 
help with the identification of these types of characteristics on the bone tools 
from the 2006-2012 excavations at Hudson-Meng.  Specifically, the 
characteristics identified included chop marks, polish, spiral fracture, 
perforations and striations from grinding.  Chop marks were identified using the 
same attributes as chop marks from the processing of animals, which was 
described previously.  Polish was also described previously and is identified on 
tools as a gloss or polish, with an almost glassy texture and is usually only seen 
on raised surfaces macro or microscopically or is more intense in localized areas 
(d'Errico and Henshilwood 2007:147 and 156; Lyman 1994:345).  Spiral fracture 
was also described previously and is identified as cultural when in association 
with other cultural modification, but is not necessarily a bone manufacturing 
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modification, although it was identified on the bone tools.  Perforations result 
from the biconical puncturing of bone from opposite sides and results in uneven 
center points and an hourglass shape in circular punctures (University of 
Oklahoma 1979).  Striations were identified from the grinding of bone on an 
abrasive surface to shape, smooth, and modify the form of the bone (d'Errico and 
Henshilwood 2007:145, 146, 152, 156).  All of these manufacturing modifications 
were identified on the bone tools and their frequencies are presented in Table 13. 
 
Table 13: Manufacturing modifications on bone tools from the 2006-2012 
excavations at Hudson-Meng. 
 
  
  
Chop Marks Cultural Polish* Perforations* 
Striations from 
Grinding* Spiral Fracture 
Count Percent Count Percent Count Percent Count Percent Count Percent 
Component 1  1 0 2 100 0 0 1 0.5 1 0 
Component X 3 0.75 3 0.75 1 0.25 1 0.25 2 0.5 
   Note: * Manufacturing modifications specific to bone tools.  
 
 
ECONOMIC UTILITY ANALYSIS 
 
 
 The MNE, MAU and %MAU were calculated for the Hudson-Meng 
assemblage for each component and then the %MAU was graphed against the 
economic utility of bison for each identified element.  Bison economic utility 
derived by Emerson and reported in Lyman (1994) was used for analysis and is 
referred to as Bison Modified Total Products (BMTP).  Elements that have no 
nutritional value and those without economic utility were not included in 
analysis.  These elements included teeth, sesamoids, horn core, and the patella, all 
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of which were identified in the Hudson-Meng assemblage.  Table 14 includes the 
results of the calculations as well as the BMTP for each skeletal part identified at 
Hudson-Meng.  %MAU and BMTP were used to derive utility curves for each 
component.  These are described below.   
 
Table 14: MNE, MAU, %MAU, and BMTP for each component of the Hudson-Meng 
assemblage. 
 
Component Element MNE MAU BMTP %MAU 
1 
Cervical Vertebrae 1 0.20 56.6 100.0 
Third Phalanx 1 0.13 2.4 62.5 
2 
Proximal Femur 2 1.00 69.4 66.7 
Mandible 2 1.00 14.2 66.7 
Distal Metatarsal 1 0.50 4.5 33.3 
Rib 4 0.14 100 9.5 
Scapula 3 1.50 31.6 100.0 
Thoracic Vertebrae 1 0.07 84.7 4.8 
3 
Cervical Vertebrae 1 0.20 56.6 20.0 
Calcaneus 1 0.50 13.6 50.0 
Cranium 1 1.00 14.2 100.0 
Lunate 1 0.50 6.6 50.0 
Magnum 1 0.50 6.6 50.0 
First Phalanx 1 0.13 2.4 12.5 
Pisiform 1 0.50 6.6 50.0 
Rib 1 0.04 100 3.6 
Scapula 1 0.50 31.6 50.0 
Thoracic Vertebrae 1 0.07 84.7 7.1 
4 
Cranium 1 1.00 14.2 100.0 
Proximal Femur 1 0.50 69.4 50.0 
Proximal Humerus 1 0.50 31.6 50.0 
Rib 1 0.04 100 3.6 
Scapula 1 0.50 31.6 50.0 
Tibia * 1 0.50 33.15 50.0 
5 Cuneiform 1 0.50 6.6 100.0 
X 
Cervical Vertebrae 1 0.20 56.6 40.0 
Femur 1 0.50 69.4 100.0 
Humerus 1 0.50 25.1 100.0 
Radius 1 0.50 12.1 100.0 
Y Cranium 1 1.00 14.2 100.0 
Z Rib 2 0.07 100 100.0 
Note: * Indicates that the reported proximal and distal economic utility were 
averaged for the element to better reflect the actual portions of the element 
present in the assemblage.  Reported BMTP after Lyman (1994:233 Table 7.4). 
133 
 
 Components 5, Y and Z only had one identified element and Component 1 
only had two identified elements making the production of utility curves for 
these components impossible.  Utility curves were produced for the remaining 
components and are presented in Figure 27.   
 
 
 
Figure 27:  Utility curves for the components with more than two points.  The Y-
axis displays %MAU and the X-axis displays the Bison Modified Total Products 
(BMTP).  
 
 
 The curve seen in Component 2 does not fit well into a processing 
strategy.  The curve most closely resembles an unbiased strategy from a kill-
butchery site, which slopes downward from left to right.  Component 4 shows 
this strategy more clearly with almost all points falling along or near the line.  
The unbiased strategy can be interpreted as meaning that neither a bulk nor a 
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gourmet strategy was taking place and that the butchers were removing parts in 
direct proportion to the utility of those parts (Metcalfe and Jones 1988).  The 
slope of the line also indicates the presence of a kill-butchery site, as the inverse 
of this line would indicate this same strategy at a residence location or a location 
that parts were moved to from a butchering site.     
 The curve from Component X resembles a straight line with no slope and 
one outlier.  This outcome stems from having the same number of long bones 
present in all three instances that fall at the 100 mark on the Y-axis of the graph.  
Although an MNE of one was given to femurs, there were two specimens present 
in this assemblage, however they represented opposite ends of the element.  
They were found to refit, not overlap, meaning that the MNE could not be 
increased.  All other MNEs were represented by one element each, meaning that 
no other graphing of the data could take place to explore the curves more fully.  
The other interpretation of this graph would be an unbiased strategy at a kill-
butchery site represented by a relative trend sloping downward from left to right.  
This trend is not as distinct as the lines for Components 2 and 4.   
 Component 3 shows a classic example of a reverse utility curve, or a bulk 
strategy at a kill-butchery location (Marean and Frey 1997; Metcalfe and Jones 
1988).  This curve indicates that the butchers were interested in removing the 
highest quantity of materials from the site after butchery took place (Metcalfe 
and Jones 1988).  As Marean and Frey (1997) point out, reverse utility curves can 
be the result of destruction of less dense elements due to carnivore damage, 
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sediment loading, trampling, and deterioration.  To determine if this is happening 
for Component 3 the utility curve should be compared to a density curve for the 
same material.  However, since Component 3 corresponds to at least one stratum 
of the main part of the bison bonebed, which probably represents a mass kill site, 
it is reasonable to interpret Component 3 as a kill site, instead of just a residence 
location that has been affected by a loss of less dense elements.  
 All except for one of the components that were graphed show either a 
clear indication of an unbiased strategy from a kill-butchery site, or resemble this 
strategy more than any other strategy.  Component 3 was the only component to 
show a different curve, in this case a bulk strategy from a kill-butchery location.  
Overall, the utility curves seem to indicate that Hudson-Meng was used as a kill 
and butchering location over many subsequent periods of time.  It is possible that 
the reverse utility curve seen in Component 3 is a product of the loss of less 
dense elements and a density curve could be produced to determine if this is the 
case.  Many times comparing a reverse utility curve and a density curve is done 
when a reverse utility curve is found for an assemblage that would otherwise be 
considered part of a residence location (Marean and Frey 1997).  In many cases 
the interpretation of a residence location is based on the site being in an area or 
situation that is almost always used as a residence (e.g., a rockshelter) or is based 
on other artifacts and features that indicate a residence.  Specific indications of 
Hudson-Meng being a residence location during the Eden time period 
(Component 3) have been suggested based on a wider range of lithic tool types 
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that set the component apart from the other components.  A reverse utility curve 
for this component makes sense if it was also a kill-butchery location, but the 
presence of higher utility elements from residential use of the site would also be 
expected.  The definitive reverse utility curve, and the lack of higher utility 
elements being present are problematic if Component 3 represents a residence 
location.   
 
STATISTICAL ANALYSIS 
 
 
Jaccard’s Index and Jaccard’s Cluster  
      Analysis  
 The Jaccard’s Index shows each comparison between components, while 
the cluster analysis groups similar things.  The data from each component was 
used to run a Jaccard’s Index of Similarity statistical test as well as a Jaccard’s 
Cluster Analysis in PAST (Hammer et al. 2001a).  Both tests were run on all the 
taphonomic data collected for each component, the natural characteristics, and 
the cultural characteristics.  This was done for each area as well.  Characteristics 
that could be the result of both cultural and natural actors were isolated for 
separate tests.  Burning was removed because it could have been naturally or 
culturally occurring.  Instances of polish that were found on bones that had other 
cultural characteristics and did not correspond to naturally occurring polish were 
used in analysis.  There was only one instance of polish that was not associated 
with other cultural indicators or identified bone tools.  Spiral fractures that were 
identified as cultural based on their association with cultural indicators of 
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intentional bone breakage were used in analysis, while instances of spiral 
fracture that were not associated with other cultural characteristics were 
removed from analysis due to the possibility that they could be the result of 
natural or cultural actors (Lyman 1994).  The results of the Jaccard’s Index are 
presented in a matrix that is read below the horizontal.  The results are divided 
up into the following categories and color coded: 
 0.0 to 0.29 is not significant and coded red 
 0.3 to 0.5 is not significant and coded yellow 
 0.51 to 0.7 is somewhat significant and coded green 
 0.71 to 1.0 is highly significant and coded blue 
The division of the matrix allows for ease of investigation into which components 
are more similar to each other as well as any other patterns that may be present.  
The Jaccard’s Cluster Analysis is presented as a tree with connected branches 
indicating similarity.  The cluster analysis trees are reviewed to investigate 
relationships between components.  
 The two Jaccard’s tests use the same data sets and are somewhat 
redundant in their results of similarity.  The Jaccard’s Index illustrates the degree 
of similarity between each combination of components, and produces more fine-
scale results than are produced in a cluster analysis.  When one component is 
quite similar to more than one other component the relationship is not shown as 
clearly in a Jaccard’s cluster analysis as it is in a Jaccard’s Index matrix that 
reports each component’s similarity to every other component.  Once a 
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component is used in the cluster analysis it cannot be reused; however, two 
branches can be grouped together if they are more similar to each other than to 
any of the other components.  Only the matrices and cluster analyses that portray 
important information are shown and discussed below.  The data sets that were 
used for all Jaccard’s statistical tests are presented in Appendix B. 
 
Overall Similarity 
 The overall similarity of the components found at Hudson-Meng was 
reviewed first.  Both the natural and the cultural taphonomic characteristics were 
used in a combined analysis.   
 The Jaccard’s Index analysis for all areas of the site using all of the 
taphonomic characteristics was reviewed to facilitate a comparison between the 
results of the natural and the cultural Jaccard’s Index analyses described in more 
detail later on.  The use of all the characteristics in this analysis dilutes the trends 
seen when only the natural and only the cultural characteristics are used in 
separate analyses.  The results matrix is reviewed in Table 15. 
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Table 15: Jaccard’s Index for all taphonomic characteristics for all areas. 
 
  Comp 1 Comp 2 Comp 3 Comp 4 Comp 5 Comp X Comp Y Comp Z 
Component 1 1 0.625 0.45455 0.44444 0.44444 0.38462 0.4 0.8 
Component 2 0.625 1 0.72727 0.45455 0.45455 0.61538 0.25 0.5 
Component 3 0.45455 0.72727 1 0.46154 0.58333 0.71429 0.18182 0.36364 
Component 4 0.44444 0.45455 0.46154 1 0.45455 0.3125 0.25 0.5 
Component 5 0.44444 0.45455 0.58333 0.45455 1 0.5 0.25 0.33333 
Component X 0.38462 0.61538 0.71429 0.3125 0.5 1 0.15385 0.30769 
Component Y 0.4 0.25 0.18182 0.25 0.25 0.15385 1 0.5 
Component Z 0.8 0.5 0.36364 0.5 0.33333 0.30769 0.5 1 
 
 
 The Jaccard’s Index matrix indicates that only three component 
combinations, Component 1 and Component Z, Component 2 and Component 3, 
and Component 3 and Component X are highly significantly similar.  Three of the 
remaining component combinations are somewhat significantly similar.  These 
are Components 1 and 2, Components 2 and X, and Components 3 and X.  The 
remainder of the component combinations are not significant.  Nothing that was 
paired with Component 4 or Component Y is significant. Most of the component 
combinations are not significant.   
The Jaccard’s Cluster Analysis was run using the same data as the Jaccard’s 
Index above.  The similarity between all of the components when the Jaccard’s 
Cluster Analysis is used indicates that Component 2 and Component 3 are the 
most similar to each other, with Component X branching off from them.  
Component 1, Component Z, and Component 4 are on their own branch and 
Component Y shows a stark dissimilarity to the other components and is on a 
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separate branch. Figure 28 shows these trends and is described in more detail 
below.   
 
 
Figure 28: Jaccard’s Cluster Analysis for all areas.   
 
 
 Components 2 and 3 group around 72 percent and are the most similar 
components.  Component X is added to this branch at the 66 percent point, 
followed by Component 5 at 51 percent.  Components 1, Z, and 4 form their own 
branch with Components 1 and Z connecting at 80 percent, and Component 4 
connecting at 47 percent, and then joining the aforementioned branch at 42 
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percent.  Component Y is on its own branch and joins the other branches at 28 
percent.  Components 2 and 3 are the most similar and are next to each other 
stratigraphically, with Component X separating them in the western half of the 
Enclosure Trench.  Component X is the next most similar component, falling 
between Components 2 and 3 stratigraphically and temporally, based on 
radiocarbon dates.  Components 1 and Z are found in different areas of the site 
and both show little or no cultural indicators from processing on the bones, 
which may account for their grouping.  Component 4 groups with Components 1 
and Z, but at a low level and almost at the point that the two main branches 
connect with each other.  The clustering of Component 4 is probably due to the 
lack of carnivore tooth marks, which it shares with Component Z, and the 
uniqueness of the chop marks and punctures, which set it apart from 
Components 2, 3, 5 and X.  Component Y is separate from the other components 
when clustered.  The lack of cultural taphonomic characteristics and the presence 
of only three natural characteristics may account for the dissimilarity, as many of 
the other components have more natural taphonomy present or also have 
cultural taphonomy present.   
 Most of the taphonomic characteristics that were recorded for the 
assemblage are from the Enclosure Trench.  The Enclosure Trench has all of the 
numbered components present, as well as Components X and Y.  The data from 
the Enclosure Trench have a large impact on the overall data for the site, so 
addressing the Enclosure Trench separately is warranted.  A somewhat similar 
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trend in seen in the Enclosure Trench and the overall site cluster analyses.  
Components 1 and 4 cluster with the other components, but in the last two spots 
on the branch once Component Z is removed from analysis, since it is not found 
in the Enclosure Trench.  A more detailed description of the results for the 
Enclosure Trench is found below in Figure 29.   
 
 
Figure 29: Jaccard’s Cluster Analysis for the Enclosure Trench. 
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 Components 2 and 3 are the most similar grouping at the 73 percent point.  
At 67 percent, Component X groups with the branch.  The next to group with the 
branch is Component 5 at 51 percent, followed by Component 1 at 48 percent 
and then Component 4 at 42 percent.  Component Y is on a branch by itself and 
groups with the other branch at 25 percent.  When only the Enclosure Trench is 
considered, the explanations postulated for the overall site are still useful.  
Components 2 and 3 are stratigraphically adjacent, and separated by Component 
X in the western half of the Enclosure Trench.  The similarity in age and position 
may account for the similarity in taphonomy.  Component 5 groups with the tree 
after Components 2, 3, and X because it shares percussion pits with Component X 
and percussion striations with Components 3 and X.  Component 1 groups with 
the tree next mainly because Component 4 has unique cultural taphonomic 
processing characteristics making the component less similar and allowing the 
few natural similarities between Component 1 and the other components to 
stand out.  Component Y has little natural taphonomy and is lacking cultural 
taphonomy, which accounts for its dissimilarity to the other components.  Once 
the taphonomic characteristics are broken down into natural and cultural data 
the trends become more revealing as discussed below.  
 The overall pattern of clustering in the North Block is very different than 
the Enclosure Trench or the overall site.  The Jaccard’s Cluster Analysis for the 
North Block indicates that Components 1 and 3 have identity, meaning they are 
identical.  Components 4, 5 and 2 form a group with this branch further down.  
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The cluster diagram can be seen in Figure 30 and a more detailed description is 
given below. 
 
 
Figure 30: Jaccard’s Cluster Analysis for the North Block. 
 
 
 In the North Block, Components 1 and 3 have identity and are similar at 
the 100 percent level.  Component 4 is added to this cluster at 68 percent.  
Component 5 is grouped with the branch at 56 percent, followed by Component 2 
at 42 percent.  This trend is probably based mostly on the natural taphonomy 
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since the only cultural taphonomy is found in Component 2.  Weathering, root 
etching and burning are the only characteristics that were identified for 
Components 1 and 3, making them identical at a basic taphonomic level.  
Component 4 only has root etching and weathering present, while Component 5 
only has burning and weathering present.  Component 2 has abrasion and 
staining, which the other components are lacking.  This component is the only 
one with cut marks in the North Block.  These differences account for Component 
2 grouping to the tree last and may indicate that the cultural modification is what 
sets it apart from the others.     
 The FAND Trench includes Components 4 and Z.  These two components 
cluster at 66 percent based on natural taphonomy, as there is no cultural 
taphonomy identified for the FAND Trench.   
 
Natural Similarity 
 By running the analyses with only the natural taphonomic characteristics, 
more insight can be gained into how the natural taphonomy contributes to the 
overall similarity between components.  The natural taphonomy reveals the 
similarity of the components to each other based only on the taphonomic input 
from the environment and the post depositional processes that affected the 
bones.  This process also reveals patterns in the clustering of the components.   
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 The Jaccard’s Index based on the natural taphonomic characteristics 
shows that many of the component combinations are significantly similar.  The 
matrix is presented in Table 16. 
 
Table 16: Jaccard’s Index with all the natural characteristics for all areas. 
 
 Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. X Comp. Y Comp. Z 
Component 1 1 1 0.83333 0.66667 0.66667 0.83333 0.4 0.8 
Component 2 1 1 0.83333 0.66667 0.66667 0.83333 0.4 0.8 
Component 3 0.83333 0.83333 1 0.83333 0.83333 0.71429 0.33333 0.66667 
Component 4 0.66667 0.66667 0.83333 1 0.66667 0.57143 0.4 0.8 
Component 5 0.66667 0.66667 0.83333 0.66667 1 0.57143 0.4 0.5 
Component X 0.83333 0.83333 0.71429 0.57143 0.57143 1 0.33333 0.66667 
Component Y 0.4 0.4 0.33333 0.4 0.4 0.33333 1 0.5 
Component Z 0.8 0.8 0.66667 0.8 0.5 0.66667 0.5 1 
 
 
 Eleven of the component combinations are highly significantly similar 
when only the natural characteristics are used in analysis.  The component 
combinations that are highly significant are Components 1 and 2, Components 1 
and 3, Components 1 and X, Components 1 and Z, Components 2 and 3, 
Components 2 and X, Components 2 and Z, Components 3 and 4, Components 3 
and 5, Components 3 and X, and Components 4 and Z.  Components 1 and 2 also 
show identity (i.e., they are, statistically, exactly the same).  All component 
combinations that include Component Y are not significant, with the only other 
non-significant combination being 5 and Z.   The other nine component 
combinations are somewhat significant.  Most of the component combinations in 
this data set are significant, which contrasts with the data set when all of the 
characteristics are used.   
147 
 
 As can be seen in the above table, a much larger number of component 
combinations are highly significantly similar when only natural characteristics 
are used for analysis.  This difference is evident when comparing Table 15  
 (all characteristics) and Table 16 (natural only).  When both the natural and the 
cultural characteristics are used in analysis only one combination is highly 
significant, while 11 component combinations are highly significant when only 
the natural characteristics are used.  This suggests that cultural taphonomic 
characteristics have a large impact on the dissimilarity of the components.  
 When the entire site is used in analysis and a Jaccard’s Cluster Analysis is 
performed patterns that may be based on stratigraphy emerge, and Component Y 
remains dissimilar overall compared to the other components.  Components 1 
and 2 show identity.  The Jaccard’s cluster diagram is found in Figure 31 and 
described below.   
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Figure 31: Jaccard’s Cluster Analysis with only the natural characteristics for all 
areas.  
 
 
 The Jaccard’s Cluster Analysis for the natural characteristics indicates that 
Components 1 and 2 are identical.  Component X is grouped with Components 1 
and 2 at about the 83 percent mark.  Component Z is added to this branch around 
the 76 percent point.  Components 3 and 4 are grouped together on a separate 
branch around the 83 percent point and Component 5 is added to this branch 
around 75 percent.  These two groups of branches combine at around the 68 
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percent mark.  Component Y is again by itself on its own branch on the tree 
meeting the other main branch at about 40 percent.   
 The Jaccard’s Cluster Analysis shows that most of the components are 
quite similar to each other.  Some of the components cluster close to others that 
are near them stratigraphically: in this case, Components 1, 2, and X and 
Components 3, 4, and 5.  This pattern may indicate that the components did not 
develop at the same time, but that subsequent components vary in natural 
taphonomy only slightly as the environment changed over time.  It also indicates 
that there may not have been stark differences between the environments during 
the formation of each component, except possibly between Component X and 
Component 3.  A larger difference in environment between the development of 
Component X and Component 3 seems likely because the components split into 
two branches at this point in the stratigraphy, and the adjacent components 
group with them.  Based on clustering, it is possible that Component Z may be in 
a similar area in the paleosol as Components 1, 2, and X.  Component Z is found in 
the FAND Trench below Component 4, which indicates that this similar 
placement is possible.  Components 1 and 2 show identity, which may mean that 
they were developing under the same environmental conditions.   
 Component Y again seems very dissimilar to any other component.  This 
component is at the same stratigraphic elevation as Component X, but slightly to 
the north.  The dissimilarity of this component when natural characteristics are 
used in analysis may indicate that a different environment was affecting the area 
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to the north of Component X at the time the components formed.  Perhaps a 
difference in saturation of the ground or exposure to the elements could have 
caused differences in taphonomy.  The components are only around half a meter 
apart horizontally, so the difference in environment or ground condition must 
have been extreme within such a short distance.  Another possible explanation is 
the formation of the two components at different times and corresponding to 
differing environmental conditions.  It is also possible that the taphonomic actors 
that affected the components after they were formed were different in each area 
causing the components to appear different taphonomically.  Component Y has 
not been fully excavated and is only found in Unit N80-12 so far.  Additional data 
would be needed from the component, surrounding units and Unit N80-12 to 
determine which of these explanations is more likely, or if another explanation 
would better account for the differences between the components.  Conducting 
Jaccard’s analyses by area as well as component and taphonomy could reveal 
more information about the site and the components, and is presented below.   
 As stated in the previous section, the Enclosure Trench has most of the 
identified taphonomic characteristics, heavily influencing the site-wide trend.  
The natural taphonomy shows this trend quite clearly as the cluster diagrams for 
the overall site and the Enclosure trench are essentially the same with the 
removal of Component Z from the Enclosure Trench cluster diagram.  The 
Jaccard’s Cluster Analysis tree for the natural taphonomic characteristics from 
the Enclosure Trench can be found in Figure 32 and is described below.   
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Figure 32: Jaccard’s Cluster Analysis with all the natural characteristics for the 
Enclosure Trench.  
 
 
 The Jaccard’s Cluster Analysis for the Enclosure Trench indicates that all 
of the components cluster in similar patterns both here and for the site.  
Components 1 and 2 are identical and cluster together at 100 percent.  
Component X is grouped with this branch at 83 percent.  Another branch is made 
up of Components 3 and 4, which group at 83 percent as well.  Component 5 
groups with this second branch at the 75 percent mark.  These two branches 
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group at 69 percent.  Component Y groups with this main branch at the 38 
percent point and creates another, separate, branch from the bottom of the tree.   
 The Enclosure Trench components seem to group stratigraphically on this 
tree, with Components 1, 2, and X and Components 3, 4, and 5 being grouped 
together.  Again, this is the same pattern seen for the overall site and the 
explanations for the patterning remains that same as that stated previously.   
 The Jaccard’s Cluster Analysis for the North Block shows a similar pattern 
when the natural taphonomic characteristics are used and when all of the 
characteristics are used for analysis.  The main difference between these two 
analyses is the clustering of Component 4 with Components 1 and 3 when only 
natural characteristics are used and all three showing identity.  This cluster 
analysis can be found in Figure 33 and is described in more detail below.   
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Figure 33: Jaccard’s Cluster Analysis with all the natural characteristics for the 
North Block. 
 
 
 Components 1, 3, and 4 show identity and fall at the 100 percent point in 
the cluster analysis for the North Block.  Component 2 is connected to the branch 
at 50 percent and Component 5 is connected at the 43 percent mark.   
 The clustering of Components 1, 3, and 4 indicates that they may have 
been modified under the same or very similar environmental conditions.   When 
only the natural characteristics are used in analysis, burning is removed from the 
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data due to its unknown origin.  In the case of Component 4, burning was the only 
difference between it and Components 1 and 3.  The inclusion of burning causes 
clustering lower down on the branch and clustering at identity when removed.  
With the removal of the cultural taphonomy from Component 2, the similarity 
between it and the other components is increased.  The removal of burning from 
analysis causes Component 5 to only have weathering in common with the other 
components, which causes it to cluster last.   
 The pattern seen in the FAND Trench is similar when the natural 
taphonomy and all taphonomic characteristics are used in analysis.  This is due to 
removal or inclusion of burning as a taphonomic trait in analysis since all other 
categories remain the same and no cultural traits were identified.  The branch 
that is formed between Components 4 and Z meet at the 80 percent point, which 
is higher than when burning is included in analysis.  The similarity of the 
components indicates that they were potentially in a similar environment during 
formation or during post deposition.  The similarity of the components are lower 
when burning is included in analysis, which may indicate that burning is a 
significant taphonomic characteristic for determining the similarity of the 
components whether it is derived from natural or cultural actors.   
 
Cultural Similarity 
 The cultural similarity of the components is quite different from the 
natural similarity.  In most cases when only the cultural taphonomic 
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characteristics are used, the components show much lower similarity and cluster 
differently.  
 The data from the cultural characteristics include two components that 
are made up of all zero cells resulting in an all zero row of data.  PAST cannot run 
certain statistics when all zero rows exist, therefore, the data for Components Y 
and Z were removed from analysis (Hammer 2012).   
 The Jaccard’s Index analysis based on cultural taphonomic characteristics 
from processing for the overall site is reviewed to illustrate the dissimilarity of 
the components.  It is also quite a stark difference from the Jaccard’s Indices 
displayed in Table 15  for all characteristics and in Table 16 for natural 
characteristics.  The matrix for the cultural characteristics is displayed in       
Table 17. 
 
Table 17: Jaccard’s Index for cultural taphonomic characteristics for all areas. 
 
 Comp 2 Comp 3 Comp 4 Comp 5 Comp X 
Component 2 1 0.6 0.2 0.2 0.42857 
Component 3 0.6 1 0.14286 0.33333 0.71429 
Component 4 0.2 0.14286 1 0.2 0.11111 
Component 5 0.2 0.33333 0.2 1 0.42857 
Component X 0.42857 0.71429 0.11111 0.42857 1 
 
 
 The results of the Jaccard’s Index for the cultural characteristics indicate 
that only two component combinations, Component 2 and Component 3, and 
Component 3 and Component X, are significant.  Components 2 and 3 are 
somewhat significantly similar, while Components 3 and X are highly significantly 
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similar.  All of the other combinations are not significant, with five of the eight 
remaining combinations being very close to zero, or no similarity.  Component 1 
did not include any cultural taphonomic characteristics from processing on any of 
the faunal remains and manufacturing characteristics were the only form of 
cultural modification identified, which is why Component 1 is not included in this 
statistical analysis. This shows that culturally, the components that had enough 
data to be compared are not similar to each other, except in one case, which may 
suggest that different things were taking place at the time the bone was being 
modified.  This may also suggest the possibility that different groups of people 
were utilizing the area for similar purposes (e.g., bison hunting), and modifying 
the bone in different ways.  The Jaccard’s Cluster Analysis, described below, 
allows these ideas to be explored more fully.  The large difference between the 
Jaccard’s Index based on natural taphonomic characteristics, Table 16, and the 
one based on cultural taphonomic characteristics, Table 17, suggests that 
culturally the components are very dissimilar, while naturally the components 
are much more similar.  The results of these tests are on opposite ends of the 0-1 
spectrum of all possible results.  When the data are used together, and the 
Jaccard’s Index is run, the results even out and fall closer to the middle of the 
spectrum.  In some cases, using the entire data set changes the order in which the 
components cluster.   
 A cluster diagram for the entire site was produced for the cultural 
taphonomic characteristics that resulted from processing using the Jaccard’s 
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Cluster Analysis statistical test.  The manner in which the components cluster 
seems to create a pattern with each component added to the tree at a somewhat 
equally spaced interval, resulting in a tree made up of one branch.  Components 3 
and X are the most similar with Component 4 being the least similar.  The cluster 
analysis is described in more detail below and illustrated in Figure 34.    
 
 
Figure 34: Jaccard’s Cluster Analysis with all of the cultural characteristics from 
processing.  
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 The Jaccard’s Cluster Analysis for the cultural taphonomic data shows that 
Components 3 and X are the most similar and group at 71 percent.  Component 2 
is added to this branch at 51 percent.  Component 5 is added next at 32 percent, 
followed by Component 4 at 17 percent.   
 Removing the all zero rows, which were found in Components 1, Y, and Z, 
means that these rows could not be compared to the other components or to each 
other.  If all zero rows could have been included then they may have looked 
similar to each other, but different from the other components that would have 
had cultural processing characteristics present.  The presence of all zero rows in 
this data set indicates that no definitively cultural modification was present on 
the bones from components Y and Z.  The cultural modification present in 
Component 1 only consisted of bone tool manufacturing modification and was 
not used in this analysis, but is included below.  This suggests that the faunal 
remains from Components 1, Y, and Z may not be cultural in origin or were not 
processed enough to leave evidence of bone modification based on bone 
taphonomy alone.  Component Y has one instance of burning, which would have 
allowed for the analysis of the component if the burning were cultural.  
Component Z had an absence of burning, which would not have changed the 
outcome of analysis for this component.  Component 1 is cultural based on the 
presence of three bone tools representing two catalog numbered samples and 
associated bone tool manufacturing modification, as well as the presence of small 
chert/chalcedony pressure flakes. 
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     Components 3 and X were the most similar.  Cut marks, conchoidal flake 
scars, bone flakes, percussion striations, and spiral fractures were identified for 
Component 3. The cultural taphonomic characteristics identified for Component 
X include cut marks, conchoidal flake scars, bone flakes, percussion pits, 
percussion striations, crushing, cultural polish and spiral fracture.  Component X 
has the most cultural taphonomic characteristics identified of any component.  It 
is probable that the bone in Component X was highly processed and led to the 
abundance of identified taphonomic characteristics.  The similarities between 
these two components stems from the cut marks, the conchoidal flake scars, bone 
flakes, percussion striations and spiral fracture.  Components 3 and X would be 
identical except for the additional taphonomic characteristics identified in 
Component X.  Only Components 2, 3, and X have conchoidal flake scars and 
spiral fracture, which may account for them appearing more similar to each other 
than to other components. Cut marks, conchoidal flake scars and spiral fracture 
were identified in Component 2, which connects to the branch that includes 
Components 3 and X on the cluster analysis.  The similarity of Components 2, 3, 
and X may stem from the animal processing techniques or the amount of 
processing that took place.  Components 2 and 3 represent the Alberta and Eden 
components respectively and Component X falls between these two 
chronologically.  Based on the cluster analysis, Component X is more similar to 
the Eden component, making a possible cultural identification of the component 
as Eden more likely.  It is likely that Component X is from a similar cultural 
160 
 
tradition as Components 2 and 3, which is further evidenced by its position 
stratigraphically and the close proximity of its radiocarbon date.   
 Component 5 is next grouped with Components 2, 3, and X.  The data for 
Component 5 reveal that cut marks, percussion pits, and percussion striations 
were identified for the component.  The similarity between these components 
stems from the presence of the percussion pits and percussion striations, which 
Components 4 and 1 do not have and Component X does.  Component 3 also has 
percussion striations, but not percussion pits.  The grouping of Component 5 with 
Components 2, 3, and X could be a result of the type or intensity of processing of 
the animals, which left similar cultural taphonomic characteristics on the bones.  
In the Northwestern Plains, outside of the mountainous areas, Paleoindian 
subsistence strategies were carried on longer and bison hunting was still a staple 
at a time when other areas were following an Archaic lifeway, in which less large 
scale bison hunting took place (Frison 1991).  Component 5 is probably more 
closely related to a Paleoindian cultural lifeway rather than an Early Archaic 
lifeway, even though it falls stratigraphically above the Brady paleosol that 
contained Components 2, X, 3, and 4, and probably dates to a later cultural phase.  
 Component 4 clusters after Component 5.  The cultural indicators of 
Component 4 include cut marks, chop marks and punctures.  Component X was 
the only other component where chop marks were identified, but they were 
exclusively on bone tools and thus not part of this analysis.  Component 4 was the 
only component with puncture marks, making it less similar to the other 
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components.  It is possible that Component 4 shows a different processing 
strategy since it is the only component with punctures and chop marks created 
during the processing of animals.  Percussion marks were also not present in 
Component 4 suggesting a different or less intense processing strategy.   
 There is a possibility that besides the amount of processing that was done 
to the bones in each component, the type of processing also affected the 
taphonomic characteristics and produced components that looked less similar.  
Components 2, 3, and X had conchoidal flake scars and spiral fracture in common, 
while Component 5 had percussion striations in common with Component 3 and 
percussion pits in common with Component X.  Component 4 was the only 
component with punctures and chop marks.  Components 2, 3, and possibly 
Component 5, could have one kind of processing intensity or strategy taking 
place, while Component 4 represents a different strategy taking place.  
Component X, with so many kinds of cultural taphonomy, matches both of these 
groups of components. 
 The cluster analysis for the Enclosure Trench is reviewed, because most of 
the data regarding cultural taphonomy was derived from this area.  The pattern 
that has been identified for the overall site is also found in the Enclosure Trench 
and the branches group to the tree at the same percentage points. The cluster 
diagram for the Enclosure Trench is shown below in Figure 35.  
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Figure 35:  Jaccard’s Cluster Analysis for cultural taphonomic characteristics from 
processing in the Enclosure Trench.   
 
 
 The cluster analysis indicates that Components 3 and X are the most 
similar and cluster at 71 percent.  Component 2 joins this cluster at 51 percent.  
Component 5 follows this at 32 percent, then Component 4 at 17 percent.   
 The data for cultural taphonomy in the Enclosure Trench and the site 
overall is the same.  There is a lack of cultural taphonomy in the FAND Trench 
and the cultural taphonomy in the North Block is only found in Component 2, and 
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does not add any additional identified characteristics to the overall site that are 
not found in the Enclosure Trench.  Although the frequencies of the 
characteristics are different when the Enclosure Trench data and the overall site 
data are compared, the same categories are present in the data set.   
 The Jaccard’s Index and Jaccard’s Cluster Analysis for the cultural 
characteristics for the North Block was not run because Components 1, 3, 4, and 5 
contained all zero cells.  A row of all zero cells cannot be run in PAST and with 
only one component remaining, analysis could not be completed (Hammer 2012).  
Running the analysis could have been possible if the force responsible for 
burning was identified as cultural or the characteristic was used regardless of the 
forces that produced it.  With no cultural modification present in the North Block, 
except in Component 2, it is possible that the area of the North Block was not 
used as heavily or at all in certain cases.   
 The presence of the five numbered components in the North Block falling 
within the same stratigraphic sequence observed elsewhere at the site suggests 
that the presence of bone is based on something more than just natural deaths; 
otherwise it would probably not form groupings that match the location of the 
cultural components.  There were no carnivore tooth marks or rodent gnawing 
on any of the samples from the North Block, which seems to suggest that 
scavenging or predation were not the reason the bones would be found in the 
area.   
 
164 
 
 Three samples with cut marks were identified in Component 2 in the 
North Block, which suggests there was human utilization of the bones in that area 
during the development of Component 2.  No other cultural taphonomic 
characteristics were present for Component 2.  Spiral fracture was present in 
Components 2, 3, and 4.  These instances of spiral fracture were not found in 
association with other characteristics from the human modification of bone, so 
the forces that caused the spiral fracture were unclear.  Therefore, spiral fracture 
was not used as a cultural indicator in these cases.  One sample that had a cut 
mark and one sample that had a percussion pit were identified in Unit M93-21 in 
the North Block, but were found outside the boundaries of the components and 
not included in analysis.  This indicates the possible presence of a later 
component in the North Block or the presence of isolated cultural taphonomy and 
use of this part of the site at a later time.  Overall, the identification of cultural 
taphonomic characteristics does indicate that the North Block has some evidence 
of cultural modification of bone, although it is limited to five samples overall.  
 The Jaccard’s Cluster Analysis with all cultural characteristics for the 
FAND Trench could not be run because all the cells contained zeros.  The 
characteristics that were removed from analysis were reviewed in lieu of the 
Jaccard’s statistical tests.  Component 4 in the FAND Trench contained one case of 
burning and one case of spiral fracture.  Component Z contained no cases of 
burning, spiral fracture or any other characteristics that are of an unknown 
origin.  This means that the statistical tests for the cultural characteristics could 
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not be performed regardless of the inclusion of the characteristics burning or 
spiral fracture.  With only the characteristics that are of an unknown cultural or 
natural origin being identified in one component it is difficult to determine if 
there was any cultural activity in the FAND Trench based on the bone 
taphonomy.  There was only one case of rodent gnawing and no cases of 
carnivore damage in the FAND Trench so predation or scavenging is also not 
likely based on the bone taphonomy.   
 
Cultural Similarity and Bone Tools 
 Bone tools were identified in Components 1 and X and a comparison of the 
bone tool manufacturing characteristics are presented here.  The taphonomic 
characteristics identified on the bone tools were not used in the analyses above 
because the presence of the characteristics specific to the bone tools skewed the 
cluster analyses, which will be discussed in more detail below. 
 In an attempt to more fully explore the taphonomic characteristics present 
on the bone tools, specific bone tool manufacturing characteristics were 
identified that were not found in the faunal assemblage from processing.  Chop 
marks were identified in both the faunal assemblage and on the bone tools, while 
polish, perforations, and striations from grinding were specific to the bone tools.  
Spiral fracture was also identified on bone tools from Component X.   
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Figure 36, below, shows the similarity of the cultural bone tool 
manufacturing taphonomic characteristics.  Since only two components have 
bone tools the cluster analysis only has one connection.   
 
 
Figure 36: Jaccard’s Cluster Analysis for cultural taphonomic characteristics 
identified on bone tools.   
 
 
 As can be seen in the cluster analysis above, the bone tools are only 
similar at the 40 percent point.  The similarity stems from the shared presence of 
polish and striations from grinding.  Additional characteristics identified on the 
bone tools from Component X include chop marks, perforations and spiral 
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fracture.  This indicates that there is some similarity in the way the bone tools 
were shaped, specifically from grinding to produce tapering, to shape the bone, 
and create pointed ends.  Polish from use or production of the bone tools was 
found in both components.  One bone tool from each component also displayed 
rounding to the tip of the tool along with increased polish, probably from use.  If 
the rounding of the tips of the bone tools was also used in analysis then the two 
components would cluster at 50 percent instead of 40 percent as seen here.  Chop 
marks were found on one bone tool in Component X and chopping seems to have 
been used to help shape the bone and to introduce notches into the side of the 
tool.  Another bone tool from Component X also exhibited notching, but the 
characteristics of the notches indicated that they were produced in a different 
manner, specifically by biconically perforating each side of the bone.  These two 
additional forms of modification, along with spiral fracture, were unique to the 
bone tools in Component X and are the main reasons the similarity of the bone 
tools is not high or significant. Polish and rounding from use being present in 
both components increased the similarity in the cluster analysis and when 
removed, the similarity of the components is lowed to 25 percent.  The 
dissimilarity of the bone tools indicates that they were not produced in the same 
manner, except for some shaping by grinding, which could indicate that the bone 
tools served different purposes or functions or that people used different 
technologies to produce them.  
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 The cultural taphonomic characteristics from processing and from bone 
tool manufacturing modification were analyzed together to show how the 
clustering is altered with the addition of the bone tool characteristics and to 
illustrate the similarities that exist between the components when all 
information is considered (Figure 37).     
 
 
Figure 37:  Jaccard’s Cluster Analysis for the cultural taphonomic characteristics 
from processing and bone tool manufacture and use. 
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 As can be seen in the figure above, Components 2 and 3 are the most 
similar grouping at 60 percent.  Component X groups to the tree next at 36 
percent and Component 5 groups at 26 percent.  Component 4 groups with the 
tree at 18 percent and Component 1 groups with the tree last at 4 percent.   
 This cluster analysis is almost patterned with the distance between each 
grouping being less than 20 percent.  Components 2 and X switch positions when 
the bone tool modifications are included and all component groupings are found 
lower on the tree.  The presence of polish and striations from grinding in both 
components and chop marks in Component X skewed the cluster results.  The 
presence of chop marks on bone tools in Component X being included with the 
chop marks from processing in Component 4, and the presence of polish and 
striations from grinding being unique to bone tools in only Components 1 and X, 
skewed the clustering by pulling Component X further down on the tree.  In 
addition to this, the similarity of Components 3 and X was distorted and 
Components 2 and 3 seemed more similar, even though Components 3 and X 
share all of the same processing characteristics, including two more than 
Components 2 and 3 share.  The uniqueness of Component 4 being the only 
component with chop marks and punctures present from processing animals was 
also obscured by the chop marks on bone tools that were used in this analysis 
because they overlapped with processing modifications.   
 The only instance of cultural activity on bone from Component 1 is on the 
bone tools in the form of polish and striations from grinding.  Rounding to the tip 
170 
 
of one of the bone tools and increased polish also indicate that the tool was 
probably used, which dulled the original shape of the bone tool.  The bone tools 
from Component 1 were found at almost the exact same elevation within the 
same unit.  None of the other bones from Component 1 showed cultural 
taphonomic characteristics from processing.  The only other instances of polish 
and striations from grinding are found in Component X, along with one bone tool 
that also had indications of rounding and polish that probably resulted from use.  
The lack of cultural taphonomy from processing and the rarity of the 
characteristics identified specifically on bone tools makes Component 1 group 
very low on the tree.  Component 1 is the lowest stratigraphic unit and may be 
from a time period before Alberta.  The presence of bone tools, but a lack of 
taphonomy from other bones, may mean that bison was processed less intensely.  
It may also mean that more of the animal was moved to a different location based 
on the small sample size of recovered bones, or that fewer bones were recovered 
due to lack of preservation, although the identification of bone tools makes this 
less likely.  Not all of the units have reached the elevation of Component 1, so it is 
possible that more information on cultural taphonomy could be identified in the 
future with more excavation. 
 There are some main themes identified through the analysis of the 
statistical tests performed on the data from the 2006 to 2012 excavations at 
Hudson-Meng.  First, there is a stark distinction between the results of the 
Jaccard’s Index similarity tests based on the natural taphonomic characteristics 
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and the cultural taphonomic characteristics.  Most of the component 
combinations are highly significantly similar when only the natural 
characteristics are used in analysis, while most of the combinations are not 
significant when the cultural characteristics are used.  Second, most of the 
taphonomic data is from the Enclosure Trench, which skews cluster diagrams 
towards the patterns seen in this area.  The North Block clusters much 
differently, however, this is not reflected in the overall site cluster analyses.  The 
FAND Trench data adds little to no information to the overall data set.  The third 
theme to consider is that based on natural taphonomic characteristics the 
components cluster in two groups that reflect the stratigraphy of the site.  The 
break between the groups happens between Components X and 3, which are 
stratigraphically adjacent.  This pattern may reflect a gradual change in the 
environment reflected in the taphonomy of the bones.  The break between the 
groups may correspond to a less subtle change in the environment between 
Components X and 3, followed by a return to gradual change.  Component Y 
stands out from the adjacent components, but is only found in one unit and more 
information is needed to determine how it fits into the overall environmental 
pattern.  Fourth, the North Block is lacking significant amounts of cultural 
taphonomy and the FAND Trench is lacking cultural taphonomy altogether.  The 
Enclosure Trench holds most of the cultural taphonomic evidence from the site.  
Fifth, Components 2, 3, and X are the most similar to each other culturally.  
Components 2 and 3 cluster together first, always followed by Component X 
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when both cultural and natural taphonomic data are included in analysis or when 
cultural taphonomic data from the faunal assemblage and the bone tools are 
included together, which does not allow Component X to stand out as more 
similar to either one.  When natural taphonomic data and cultural taphonomic 
data from bone tool manufacture and use are removed from analysis and only the 
cultural processing taphonomic data are used, Components 3 and X are the most 
similar, followed by Component 2.  This seems to indicate that Component X is 
more similar to the Eden component based solely on the taphonomic 
characteristics from processing animals and indicates that Component X 
represents another Eden component.  The similarity with Component 2, the 
Alberta Component, is also strong so an association with this component cannot 
be ruled out.  Lastly, the cultural taphonomic characteristics identified for 
Components 2, 3, 5, and X are more similar to each other than the characteristics 
from Component 4.  The types of characteristics may indicate a different or less 
intense processing strategy taking place during the production of Component 4.  
Some of the characteristics identified in Components 2, 3, 5, and X can be the 
result of intentionally breaking bone and reflect the main similarities between 
the components. 
 
COMPARATIVE STUDIES 
 
 
 Studies and reports from other sites were used to form some basic 
premises about Hudson-Meng and to help gage the similarity of Hudson-Meng to 
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other types of accumulations and studies.  To this end, Hudson-Meng was 
compared to a report and post-depositional study of the multi-component 
Kimmswick site (a cultural accumulation) and the Barnhart site (a natural 
accumulation) in Missouri (Graham and Kay 1988).  A comparison was also made 
between Hudson-Meng and the models of natural bison accumulations proposed 
by Haynes (1988).  Finally, the results of the taphonomic and distribution studies 
preformed by Todd (1987) for the Horner site were compared to some of the 
taphonomic results from this study as well as other distributional studies from 
Hudson-Meng. 
 
Depositional Environment and  
      Characteristics 
 In some ways, Hudson-Meng is similar to the Kimmswick site described by 
Graham and Kay (1988).  Both sites consist of many cultural components that 
contain bone and microdebitage, as well as a few larger stone tools (Graham and 
Kay 1988, Muñiz  2010b).  The depositional environments and components are 
also similar.  The deposits at Hudson-Meng include soil that has been formed 
from the deterioration of limestone deposits that have added clays and calcium to 
the environment (Todd et al. 1994).  Calcium carbonate is found adhering to the 
materials recovered from the site and root casts (i.e., root systems that are 
encased with calcium carbonate and are left after the roots decompose) are also 
recovered and found adhering to other materials (Muñiz 2010b).  Manganese 
deposits are also found at Hudson-Meng as nodules and as deposits adhering to 
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artifacts and bone.  Graham and Kay (1988) concluded that the acidic 
environment of the soils at the Kimmswick site caused deterioration of the bone 
and caused the detection of modification and butchering to be much more 
difficult, if not impossible in some cases.  The soil at Hudson-Meng is generally 
neutral to slightly basic at 7.6-8.3 (Muñiz 2013, data on file), however there is 
similarity in the other descriptions of the soils at both sites, which suggests a 
need for caution when analyzing taphonomy on bones from Hudson-Meng that 
may be affected by weathering.  Barnhart also has a somewhat similar soil 
environment, which may have led to the obliteration of carnivore damage on the 
bones, however Hudson-Meng has evidence of carnivore damage, even on bones 
that are weathered and deteriorated.  This may indicate that the post-
depositional processes at work at Hudson-Meng may cause less damage than 
those at Barnhart and possibly Kimmswick since a lack of carnivore damage from 
obliteration was not noted for this site.  Lastly, the conclusion that the materials 
at Kimmswick were recovered in situ because the bone and microdebitage were 
found in proximity and not size sorted would also hold true for Hudson-Meng 
where the same variables apply (Graham and Kay 1988; Muñiz 2007, 2010b).  
Since microdebitage from stone tool modification is found at Hudson-Meng 
intermixed with the bone, and various sizes of bone and modified stone are 
present, it indicates that the materials recovered from Hudson-Meng are 
culturally derived in situ deposits.   
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Attributes of Accumulation 
 Hudson-Meng is found in an area near a seep spring where sedges and 
rushes grew (Muñiz 2013).  This environment is different than all the locations 
provided in Haynes’ (1988:233) model, but is still located near water where 
animals may have been grazing.  When comparing the distribution of bone 
described in Haynes (1988) to data derived from Hudson-Meng, the patterns do 
not seem to match.  Hudson-Meng was determined to be more than 600 square 
meters during excavations by Agenbroad in the 1970s (Agenbroad, 2005).  Todd 
and Rapson (1999), in contrast state that Hudson-Meng is 1000 square meters in 
size.  Agenbroad excavated in the densest areas of bone, while Todd and Rapson 
excavated in both dense and sparse areas of bone, and Muñiz focused more 
excavation in the periphery of the site, with some additional testing in more 
dense areas (Agenbroad 2005; Muñiz 2010b; Todd and Rapson 1997).  When 
looking at all excavations at the site, a dense concentration of bone exists near the 
center of the site and less bone is found at the site periphery.  Although the bone 
at Hudson-Meng is scattered over a wide area, it is also tightly packed together in 
the center of the site with some overlap of bones, which does not match any 
explanatory model proposed by Haynes (1988).  The pattern at Hudson-Meng 
most closely resembles the predation model, which features widely scattered 
remains. However, Haynes’ model does not address the density of accumulation.   
 When comparing the number of bones that are found at Hudson-Meng to 
the number reported in Haynes (1988), the pattern most closely resembles that 
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of a mass death (Todd and Rapson 1997).  According to Haynes’ (1988) study, 
there are a smaller number of elements present in assemblages that are the 
result of scavenging and predation (14 and seven respectively), while having a 
whole animal or half an animal present is an indication of mass death.  Bone 
identification at Hudson-Meng during this analysis reveals that 24 different kinds 
of bison elements were identified, while Todd and Rapson (1997) and Agenbroad 
(2005) identified all the different portions of a bison, except the skullcap, during 
their investigations at the site.  Todd and Rapson (1997) report that, “several 
relatively complete carcasses were recorded in [the North Bone and Bone Block 
areas]” in 1995 (Todd and Rapson 1997:14).  The number of identified elements 
from Hudson-Meng and the presence of animals that are relatively complete are 
more indicative of mass death, as indicated by Haynes (1988).   
 The gnaw damage seen at Hudson-Meng during this analysis does not 
seem to be as destructive and widespread as that described by Haynes (1988).  
However, gnaw damage was not recorded by stages at Hudson-Meng and so 
cannot be directly compared to Haynes’ study.  At Hudson-Meng, gnaw damage 
occurs infrequently, and when it does occur it does not result in significant 
damage except in a small number of cases (Todd and Rapson 1991, 1992).  Most 
of the gnaw damage identified at Hudson-Meng during this study occurs on bones 
of the legs and feet (n=15), but there are also two vertebrae and one rib that 
show damage as well.  In Haynes’ (1988) study bones of the leg do not show 
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gnaw damage in mass death assemblages, but long bones do show damage when 
scavenging and predation are involved.   
 When comparing the overlapping of bone scatters that are comprised of 
different individuals, Hudson-Meng does not resemble any of the sites described 
by Haynes (1988).  It is rare to find overlapping bone scatters in scavenging and 
predation, and it is frequent in mass death (Haynes 1988).  Agenbroad (2005) 
reports that most of the site is one bone deep, but occasionally a thickness of two 
to three bones was encountered.  He also determined that the bones were all on 
one surface and were accumulated in quick succession due to the lack of 
sediment found between layers of bone.  When visiting the Hudson-Meng site, 
overlapping bones can be seen in some of the exposed areas inside the Visitor’s 
Center.  Todd and Rapson (1997:13) state that the main area of the bonebed is a 
dense accumulation of bone, which is illustrated by excavation units that contain 
hundreds of recorded items.  An area this dense is likely to include overlapping 
bones, although this was not explicitly stated and it was not determined if they 
were from different, superimposed bone scatters.  In the periphery of the site 
adjacent to the main bonebed, physically overlapping bones are not often 
recorded.  These descriptions of Hudson-Meng indicate that most bones are 
found adjacent to each other and are only overlapping in some areas.  
 The size of Hudson-Meng is larger than the mass death or scavenging 
areas, but is smaller than a predation area (Haynes 1988).  Articulated bones 
were not found during this study of Hudson-Meng, although articulation of leg 
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bones was described by Agenbroad (1978b) and Todd and Rapson (1991).  Brent 
A. Buenger conducted a study at Hudson-Meng reported in Todd and Rapson 
(1997) titled “Skeletal Disarticulation and Scattering” in which he determines 
that Hudson-Meng resembles a “mass mortality event” based on element 
articulation (Todd and Rapson 1997:64).  Articulated leg bones are consistent 
with all three forms of natural death, but mass death sites may have legs in 
anatomical position (Haynes 1988).  Agenbroad (1978c) and Todd and Rapson 
(1991) describe bison legs in anatomical position at Hudson-Meng, however this 
is not mentioned by Buenger during his study and the bones he describes as 
articulated are not complete portions of legs (Todd and Rapson 1997).  In 
contrast to Todd and Rapson, Agenbroad states that although some bones were 
found in anatomical position or articulated, the frequency of articulation more 
closely resembles other Paleoindian bison kill sites in the Plains, (e.g., Agate 
Basin, Casper and Horner I and II) as opposed to a natural mass death site.   
 Fragmentation of bone was noted by Muñiz (2010b) at Hudson-Meng, and 
this pattern most closely resembles Haynes’ (1988) description of mass death, 
although it is noted that fragmentation can happen at scavenged and predation 
sites when many episodes of scavenging occurs.  Plan drawings of the excavation 
areas in the interior of the bonebed reveal many relatively complete bones 
present, as well as many small, scattered fragments (Todd and Rapson 1997).  
Todd’s analysis revealed that the bones at the Hudson-Meng site were highly 
fragmented, and determined to be consistent with other bison bonebeds in the 
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region that are believed to show little evidence of human agency (Todd and 
Rapson 1991:14).  Hudson-Meng may resemble certain categories of natural sites 
due to post-depositional processes.  For example, if Hudson-Meng is a cultural 
site, and scavenging took place after the accumulation of animals was formed, it 
could account for some of the evidence of scavenging seen at the site.  Based on 
this comparison, Hudson-Meng most likely does not represent any of the 
particular naturally occurring sites described in Haynes’ (1988) study. 
 
The Horner Site 
 Overall, Hudson-Meng is comparable in several important ways to the 
Horner site.  Weathering at Hudson-Meng as described in the current study is 
greater than that recorded for Horner, however, deterioration was not accounted 
for at Hudson-Meng and could have resulted in a more advanced weathering 
stage being recorded.  Carnivore damage at Hudson-Meng was seen mostly on the 
leg bones, which is consistent with carnivore damage at Horner, although most of 
the damage at Horner was seen only on humeri.  The periphery of Hudson-Meng 
is being studied here, so it is possible that less carnivore damage is seen near the 
center of the bonebed, although only five percent of the bones in this study show 
carnivore damage.  Todd and Rapson (1991) describe articulated elements in the 
center of the bonebed and more carnivore damage further to the south.  Although 
there is more carnivore damage to the south, this is also a less dense area closer 
to the periphery of the bonebed, and this suggests that Hudson-Meng would 
match the patterns seen at Horner and at other Paleoindian bonebeds in general.   
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 A limited number of bones with evidence of cut marks were noted for 
Horner and the same holds true for this study of Hudson-Meng (n = 14).  Todd 
(1987:153) interprets the small number of cut marks at Horner as being 
indicative of the "low-bulk utilization of the carcasses.” Todd (1987) reports the 
presence of impacts to break open some of the bones at Horner, although they 
are limited in number.  This pattern was also seen at Hudson-Meng during the 
current study of the site where chop marks, conchoidal flake scars, bone flakes, 
percussion pits, percussion striations, and spiral fracture were all noted in the 
assemblage and are indicative of intentionally breaking bones, although their 
numbers are also limited.  Horner has most bison elements represented, as does 
Hudson-Meng (Agenbroad 2005; Todd 1987).  Todd and Rapson (1991) and 
Agenbroad (1978b) determined the season of death and the number of males and 
females present at Hudson-Meng during their investigations at the site.  Only 
about 10 percent of the bison at Hudson-Meng were determined to be male while 
there were equal numbers of male and female bison at Horner (Todd 1987; Todd 
and Rapson 1991).   Agenbroad (1978b) determined that most of the bison 
represented were cows and calves.  The remains analyzed by Russell represent 
calves (12%), 1 to 4 year olds (61%), and greater than 4 year olds (27%) 
(Agenbroad 1978b:129).  This age and sex profile does not match Horner.  
However, Horner is thought to represent one large kill, while the areas of 
Hudson-Meng analyzed by Todd and Rapson (1991) and Agenbroad (1978b) are 
probably the result of large kills during at least two distinct events.  This 
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difference in accumulation events as well as the season of death may account for 
the differences in the age and sex ratios seen at Hudson-Meng.   
 Charring is seen on bones from Hudson-Meng, but it has not been 
determined whether this is a result of natural or cultural modification.  Charring 
of bone is also seen at Horner (Todd 1987).  Stone debitage is seen in large 
quantities in some areas of Hudson-Meng, especially in the Enclosure Trench 
area.  Debitage is used as evidence of people doing other activities while also 
butchering bison at Horner and at the Jones-Miller site, where it is usually 
associated with charred areas (Todd 1987).  Root etching is more prevalent at 
Hudson-Meng than at Horner, but it is seen at both sites.   
 Overall, Hudson-Meng and Horner are quite similar in terms of the 
presence of many characteristics of natural and cultural modifications to the 
bones.  Cultural modifications to bone are evident at both sites, but are limited, 
and lithic debitage is found in association with bone.  Also, most of the elements 
in a bison are represented at both sites.  It can be suggested then, that if Horner 
represents a mass kill site where low-bulk utilization of bison took place by 
Paleoindians, then so too, could certain cultural components at Hudson-Meng. 
 The debate of a natural or cultural origin for Hudson-Meng will 
undoubtedly continue and the results presented in this study lends additional 
evidence to the cultural origin of many of the components.  It can be suggested 
from these three case studies that Hudson-Meng does not adhere to the 
characteristics of a natural site.  Hudson-Meng also does not show evidence of 
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reworking and movement as the materials recovered from the site do not adhere 
to the characteristics described for transported bone at the Barnhart site.  The 
environment that the Hudson-Meng materials are found in may have caused 
some damage to the bones and increased the degree of fragmentation.  The 
environment has probably obscured some of the bone modifications as well, and 
this was considered during the interpretation of the assemblage.  The presence of 
lithic debitage and lithic tools at Hudson-Meng in association with bone of 
varying sizes indicates that the materials are in situ.  The similarity of many 
components from Hudson-Meng and Horner suggests that Hudson-Meng is 
probably a butchery-kill site, where some other activities of daily life occurred.  
The low degree of cultural taphonomic indicators at Horner and the 
interpretation of the site as a Cody complex kill and butchery site based on the 
presence of lithic tools, gives more credence to the cultural interpretations of 
certain areas of Hudson-Meng, where more cultural taphonomic indicators were 
identified and lithic debitage, and lithic and bone tools were recovered. 
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Chapter V 
 
 
DISCUSSION 
 
 
 The primary debate surrounding the Hudson-Meng site is whether the 
large bison death event (and subsequent bonebed deposition) was the result of 
human activity or a natural event.  Each researcher that has excavated and 
conducted analyses at the site has added their expertise and interpretations to 
the body of knowledge, but no consensus has been reached.  The excavations 
under Muñiz have led to a more in-depth temporal study of the site and allowed 
new components to be identified.  Research in additional areas of the site has led 
to more information about the landforms and paleosols.  Knowledge gained over 
six field seasons (2006-2012) has led to additional radiocarbon dates, insight into 
the formation of the site, and new interpretations.  This study addresses whether 
the bone is natural or cultural in origin based on taphonomy, the possible 
processing strategies utilized for butchering, the relation of the lettered 
components to the numbered components, and whether each component is 
temporally separate. 
 The identification of elements from the current study of Hudson-Meng is 
low, but this does not seem to be uncommon for the site, especially outside the 
main bonebed area.  Buenger reports that over 20,000 bones were recovered 
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between the 1991 and 1995 excavations at the site, and only 4,087 bones were 
identified to taxon, which is around a 20 percent identification success rate (Todd 
and Rapson 1997:61).  Of the 615 point-plotted bones recovered from 2006 to 
2012, 75 bones were identified to taxa, which is around a 12 percent 
identification success rate.  Although the identification rate in the current study is 
lower, the bones were recovered in the periphery of the site where fragmentation 
of bone is more common and encountering large numbers of animals is less 
likely.  The MNI derived for bison from the current study is very low in 
comparison to the other MNIs derived for the site by past researchers.  However, 
much less excavation has taken place recently, meaning that less area has been 
explored and less bone is available for the calculation of MNI.  Also, many of the 
calculations from past excavations are from dense bone accumulations of whole 
elements that were identified and left in place.  This made them more likely to be 
identified and less likely to be broken or to fall apart during removal, transport 
and storage.  Although beyond the scope of this study, the number of bones 
recorded for the current excavations and past excavations could be compared to 
explore how representative the current study is of the site as a whole.   
 Deer and rabbit were identified in the current study, which was the first 
time rabbit has been identified at the site and the second time deer has been 
identified.  There are some indications of other taxa of smaller mammals being 
present at the site, however, no species identifications could be made due to the 
low number of bones present, the lack of good preservation, and the lack of 
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landmarks that could be used to identify different taxa.  One possible bird bone 
was also identified, but the taxon could not be confirmed.  Together, this shows 
that bison are not the only animals present in certain components and there is 
the possibility of identifying even more taxa.   
 There were no cultural taphonomic characteristics identified on the bones 
of deer and rabbit, although these taxa were found within the boundaries of 
cultural components.  It is unclear how these other taxa were utilized, or if 
humans used them at all.  The mule deer humerus identified by Agenbroad 
(1978c) showed evidence of use as a tool, possibly for butchering bison, and may 
lend credence to the limited human use of non-bison taxa at Hudson-Meng. 
 The components at Hudson-Meng are similar based on natural 
taphonomic characteristics, but not identical.  The exceptions are Components 1 
and 2, which are statistically identical, and Component Y, which is extremely 
different from all other components.  The frequency of each taphonomic 
characteristic in Component 1 differs from Component 2, which indicates that the 
components are only identical based on the presence and absence of certain 
characteristics.  The clustering of the components show that the natural 
taphonomic characteristics present were slightly different in each component, 
making them appear to be changing gradually over time based on their 
stratigraphic location.  Additionally there is a break in this trend between 
Components X and 3, after which the trend of gradual change continues. 
Continuous post-depositional processes were affecting the components for 
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different amounts of time, and this could partly explain the clustering trend. 
However, the clustering trend is probably better explained by the many 
environmental and ecological actors that are present on the landscape and 
affecting the bones immediately after death and decomposition.  These 
environmental (i.e., exposure to the elements) and ecological (i.e., carnivores, 
rodents, and vegetation) actors were affecting the bones within months to years 
of the formation of the deposit, meaning that they would be directly connected to 
the environmental conditions in the region at the time. Therefore, the differences 
between the components are most likely being caused by the factors affecting the 
bones at deposition, as opposed to continuous post-depositional processes in this 
case.   
 Wetter and cooler conditions existed on the Plains during the time period 
of 10,000 to 9500 RCYBP (Muñiz 2013).  The cluster analysis shows that the 
components that date to before the formation of Component 3 were found in 
somewhat similar environments.  The cluster analysis also shows that the natural 
taphonomic actors that were affecting the bones made the components appear to 
be slightly different and slowly changing based on their stratigraphic location.  
Component 2, and most likely Component 1, falls within the time period of these 
wetter, cooler conditions.  The cluster analysis shows that Component 3, and all 
of the components above it, formed under different conditions than the lower 
components, and that they were gradually changing based on the slight 
differences between the natural taphonomic characteristics present for each 
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component.  A period of warmer summers and colder winters began in North 
America around 9560 RCYBP as a result of "maximum summer insolation" 
(Muñiz 2013:49).  Conditions may have been even more severe, with more 
aridity, on the Plains. Interestingly, the age of Component 3 at 9539 +/- 55 RCYBP 
places it within 100 years of the beginning of this event.  It is possible that the 
shift in environmental conditions that is suggested by larger changes in the 
natural bone taphonomy between the formation of Components X and 3 is linked 
to this widespread phenomenon.  This trend lasted until 8877 RCYBP and 
probably encompasses the time period in which Component 4, and possibly 
Component 5, was formed.  Component X has an earlier date than Component 3, 
is stratigraphically below it, and clusters with the lower components.  Component 
Z also clusters with these lower components, possibly meaning that it was 
formed before the warming event, under the wetter, cooler conditions.  Basically, 
the change in environment, possibly stemming from this widespread 
environmental warming event, probably caused conditions to change in the 
region and led to warmer summers and colder winters, which would have caused 
exposed bone to deteriorate faster.  The warming event may have also led to 
localized change and the presence of different actors affecting the bone more or 
less intensely.  For example, there could have been an increase in carnivores 
gnawing bones because fresh carcasses were not available for consumption, or 
there could have been a reduction in localized wooded areas and thus deep-
rooted vegetation affecting recently buried bones.  Overall, the change in natural 
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taphonomic characteristics over time presents a clustering trend that seems to be 
somewhat dependent on the stratigraphic position of each component and seems 
to indicate that change was taking place between the environments of each 
formational period, leading to different natural actors modifying the bones.  The 
stratigraphic clustering trend would probably not appear so strongly if the 
component clustering was not dependent on the timeframe of component 
formation and the length of time each continuous post-depositional process 
affected the bones.    
 Component Y is different from all of the other components, and was 
probably formed under different conditions or modified by different post-
depositional processes.  Component Z groups with Components 1, 2, and X 
indicating that it was probably developing before Component 3 was formed.  The 
position of Component Z stratigraphically below Component 4 in the FAND 
Trench backs up its earlier formation.  Overall, the findings based on the natural 
taphonomy back up the interpretations that there are distinct components at the 
site that developed in the same place over time. 
 Components Y and Z appear to be natural based solely on the taphonomic 
analysis.  There were no cultural taphonomic characteristics identified on the 
bones from these components, and no point-plotted artifacts have been 
recovered within the component boundaries to date.  Bones from Component Z 
do not show any definitive cultural characteristics, or any characteristics that 
have the potential to be cultural (i.e., burning and spiral fracture). Component Y 
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does not have any indications of definitive cultural taphonomy and burning is the 
only characteristic present that has the possibility of being cultural.  It is worth 
noting that Component Y is found adjacent to components that have many 
indications of cultural use, so the lack of cultural materials and taphonomy from 
this component is striking.  To date, Component Y has only been identified in one 
unit and the vertical, and possibly horizontal, boundaries of the component have 
not been reached.  More information about the extent of the component and any 
other materials identified within it would be needed to know more about the 
conditions under which it was formed and how it is connected to the adjacent 
areas of the site.  Further research on the nature of both Components Y and Z is 
needed to determine if they are cultural.  
 Components 1, 2, 3, X, 4, and 5 are cultural depositions based on the 
presence of cultural taphonomic characteristics.  This is supported through 
independent evidence in the form of other cultural materials (e.g., lithic and bone 
artifacts) recovered in situ in these components.  The most prevalent cultural 
taphonomic characteristics are cut marks and marks consistent with the 
purposeful breaking of bones.  Component 2 has been identified as Alberta and 
Component 3 has been identified as an Eden component placing them both 
within the Cody cultural complex (Muñiz 2007, 2013).  Components X and 3 are 
the most similar when only taphonomic data from processing are considered.  
Component X is grouped with Components 2 and 3 when all cultural taphonomic 
characteristics are included together in the cluster analysis, which suggests 
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Component X may be another Alberta or Eden cultural component.  It is more 
likely that Component X is another Eden component because the inclusion of the 
taphonomic characteristics from bone tool modification in Component X shifts 
this component lower on the cluster analysis tree.  This happens because of the 
characteristics Component X shares with Component 1 and the lack of processing 
taphonomy in Component 1, which places it at the lowest level of the tree and 
draws Component X towards this lower position.   The natural taphonomy places 
Component X with the components stratigraphically lower than it that formed 
under wet and cool conditions.  If the warming event around 9560 RCYBP was 
the cause of the natural clustering trend described above, then Component X 
would have formed under similar conditions as Component 2.  The time frame for 
formation may mean Component X may be Alberta in age, or it at least formed 
closer to the time of the formation of the Alberta component.  This trend could 
indicate that the environmental shift happened after characteristics of the Eden 
phase began to develop, or that the animal processing techniques used in both 
the Alberta and Eden phases were similar, at least at this one site.  Component 5 
groups with Components 2, 3, and X, based mainly on certain types of taphonomy 
indicative of breaking bones and may represent a component where bison kills 
were taking place with similar processing techniques being used.  The bone tool 
identified in Component 1, along with other cultural material, indicates that it is 
cultural in origin, although there is less cultural taphonomy identified on the 
bones in this component than in the other cultural components.  Component 4 
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has cultural taphonomy that is slightly different from components 2, 3, X, and 5, 
but is still indicative of cultural activity.  The presence of cultural taphonomic 
characteristics on bones from Components 1, 2, 3, X, 4, and 5, and Jaccard’s Index 
results showing a lack of similarity between each component, indicates that the 
components are cultural and represent separate events.  
 When the North Block is analyzed separately from other areas of the site 
some differences are indicated that reflect possible alternative uses or formation 
of the North Block area.  Clustering based on natural taphonomy in the North 
Block shows that Components 1, 3, and 4 are identical.  This clustering was the 
result of identical taphonomic characteristic categories being present in the 
North Block, as well as only a few of the categories being represented.  The 
overlap of natural taphonomic categories in the North Block and the Enclosure 
Trench masks the natural clustering, as well as the combined natural and cultural 
clustering in the North Block.  The characteristics that are unique to the 
Enclosure Trench sway the overall cluster analyses towards the clustering trends 
for that area.  The frequencies of the characteristics found in the North Block 
show that the number of bones that each characteristic was identified on is 
different in each component, but that the same categories are found in all cases. 
The results from the North Block are an example of the weakness of the Jaccard’s 
statistical tests not taking into account the frequency of a characteristic, only 
overall differences in the presence or absence of a characteristic.  With that being 
said, the North Block has much less cultural taphonomy present than the 
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Enclosure Trench, with many of the components lacking cultural taphonomy 
altogether.   
 The components in the North Block were identified using the same 
techniques as the components in other areas of the site.  The components are 
found in the same positions within the Brady Paleosol as their corresponding 
component in the Enclosure Trench, which would indicate that they accumulated 
on the same depositional surface.  A lack of carnivore gnawing would seem to 
indicate that the bones were not removed from other areas of the site and 
relocated to the area of the North Block through scavenging or predation.  There 
is cultural taphonomy present on bones from Component 2 and from samples 
that fall outside all the component boundaries, although the overall numbers are 
low.  The continuity in location, and density of materials of each component in 
the Enclosure Trench and the North Block, seems to indicate that the component 
designations are correct.  However, the limited cultural taphonomic 
characteristics may indicate that there was less intense use of the North Block 
area, or that it was used for some alternative purpose.   
 The areas surrounding and between the components are not devoid of 
faunal remains, but the density of material is reduced.  They include identifiable 
elements and bones that have cultural taphonomy, suggesting that the site was 
being used continuously, but less intensely, between the formation of each 
component.  Alternatively, they may also indicate that some faunal material 
moved up or down in the soil after the cultural occupations occurred.  The bones 
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from these areas were not used in many of the statistical analyses because they 
did not fall within the analytical units used to define the component boundaries, 
and so were not explored as fully.  A more in-depth study of these bones should 
be undertaken using similar analytical techniques to determine how they 
correspond to the bones within the components.  
 The economic utility curves derived for the components at Hudson-Meng 
all indicate that Hudson-Meng is a kill-butchery site.  Components 2, 4 and X 
show curves consistent with an unbiased or normal processing strategy at a kill-
butchery location, while Component 3 shows a curve consistent with bulk 
utilization at a kill-butchery location.  These results indicate that the processing 
strategies used at Hudson-Meng were consistent over time, except in the case of 
Component 3.  Even though the evidence for specific processing strategies may 
be weak in some cases due to the small number of points on each graph, the 
overall negative relationship of each graph is evidence of a kill-butchery site.  The 
components with utility graphs containing less than three points could not be 
interpreted, and the strategies used at these times are not known.  The 
identification of Hudson-Meng as a kill and butchery site is consistent with the 
interpretation of the Alberta component by Agenbroad (1978c) and with the 
interpretation of Stratum A by Todd and Rapson (1999).   
 The reverse utility curve (bulk strategy) seen in Component 3 could be the 
result of deterioration and loss of less dense faunal elements.  When less dense 
elements are lost it can cause a curve to resemble a reverse utility curve without 
194 
 
that particular processing strategy actually taking place.  The other utility curves 
also indicating a kill-butchery site makes the result of the reverse utility curve 
less of an issue than at a site that is interpreted as a residence location based on 
other evidence.  
 The density studies preformed by Todd and Rapson (1991) for the 
combined assemblages for Stratum A and Stratum B showed that the elements 
present in the bonebed were consistent with the retention of denser elements.  
They interpreted the faunal assemblage to be consistent with the loss of low-
density elements through deterioration and a retention of high density elements 
that could hold up to physical processes destroying bones. One reason these 
findings are important is that Stratum B is potentially part of Component 2 and 
Stratum A is potentially part of Component 3, meaning that the density 
interpretations may be able to be extrapolated to these components. The 
associations of the components and the strata indicate that Component 3 may be 
represented by more dense elements that resulted in a reverse utility curve.  The 
loss of less dense elements does not seem to have an effect on Component 2, 
where a reverse utility curve was not found.   
 Agenbroad (1978c) found a similar faunal assemblage and interpreted 
Hudson-Meng as a butchery site based on the presence of certain elements that 
would be left behind during the butchering process.  The different interpretations 
of the site based on the same lines of evidence illustrate the need for additional 
types of investigations at Hudson-Meng.  Since Agenbroad (1978c) used a faunal 
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assemblage to show that bones were missing due to butchering, and Todd and 
Rapson (1991) used a faunal assemblage to show that the bones were missing 
due to deterioration, it is pertinent to investigate the site using these 
investigative techniques in conjunction.  A density curve would need to be 
produced for the same %MAUs reported for Component 3 and compared to the 
reverse utility curve to determine if the utility curve is consistent with a 
processing strategy or is being influenced by a loss of elements.  Todd and 
Rapson (1991) report the %MAUs for their assemblages, so utility curves as well 
as density curves could be produced from their data to help interpret findings 
from other areas of the site.   
 In Todd’s analysis of the Horner site it was noted that cut marks and other 
taphonomic characteristics identified on bone from butchering and processing of 
the carcasses were rare (Todd 1987:153).  There were a significant amount of 
projectile points recovered, leading to the conclusion that the site is cultural.  The 
lack of cultural bone modification is interpreted as a “low-bulk utilization of the 
carcasses” and an “extreme type of ‘gourmet strategy’ in terms of element 
deletion” (Todd 1987:134, 153).  Although more cultural taphonomic 
characteristics were identified in the current study of Hudson-Meng than were 
identified at Horner, cultural taphonomic characteristics still have a low 
frequency in the Hudson-Meng assemblage overall.  The strategies of low-bulk 
utilization identified at Horner and the bulk utilization identified at Hudson-Meng 
in Component 3 are in opposition when both sites have a relatively low 
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occurrence of cultural bone modification.  The unbiased utilization strategies 
found for Components 2, 4, and X at Hudson-Meng would likely be more 
consistent with the low number of cultural taphonomic characteristics identified 
on the bones since the animals were not butchered as heavily.  Horner did not 
have a loss of elements due to preservation or recovery so the utility curves 
derived for that site are most likely consistent with a processing strategy (Todd 
1987:134).  There is also the potential for loss of taphonomic characteristics from 
the surface of bones at Hudson-Meng due to the fragmentary nature of much of 
the assemblage and the loss of some of the bone surfaces from weathering and 
deterioration.  This fragmentation and loss of bone could be a reason that a lower 
frequency of cultural taphonomic characteristics was identified than would 
probably be expected for an assemblage representative of a bulk utility strategy.   
 The utility strategies found for Components 2, 4, and X at Hudson-Meng 
show an unbiased strategy, while Component 3 shows a bulk-strategy.  This is an 
interesting pattern since the Jaccard’s Cluster Analysis groups Component 3, not 
Component 4, more closely with Components 2 and X.  The main reason these 
components are grouped together is the overlapping cultural characteristics, 
which are mainly indicative of breaking bone (e.g., conchoidal flake scars, 
percussion pits and percussion striations).  Component 4 shows chop marks and 
punctures, which may be indicative of a different style of processing.  The 
Component 4 utility strategy being similar to other components, but the 
processing techniques not being similar, may indicate that the way the bison 
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were processed at the site was different, but the type of utilization taking place 
was the same.  So, even though the animals may have been processed differently 
in Component 4, the unbiased economic utilization strategy for that component 
matches the economic utility strategies found for most of the other components.  
Component 1 has limited indications of cultural taphonomy from processing, but 
two bone tools have been identified, as well as one other piece of bone with 
polish.  A limited number of identified elements also inhibited the possibility of 
deriving a utility curve for Component 1.  Therefore, the component is probably 
cultural, but the processing strategies and techniques could not be determined.  
Component X has the most categories of cultural taphonomy present and may 
indicate more intense processing.  However, some of the cultural taphonomic 
characteristics found in Component X are on one bone, which may only indicate a 
uniquely preserved or processed bone in a component that would otherwise be 
similar to many of the other components at the site.  Overall, many of the same 
indicators of processing were identified in each component and in many cases the 
same type of utilization was taking place.  The results from Component 4 also 
suggest that the same style of utilization may be taking place when different 
kinds of processing techniques are employed.   
 Many components have been identified that have indications of cultural 
activity on bone, and were most likely formed through cultural processes.  Two 
components are interpreted as natural due to a lack of cultural taphonomic 
characteristics.  The utility curve studies indicate that Hudson-Meng is a kill-
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butchery site where unbiased processing strategies, and a bulk processing 
strategy, had been used.  The clustering of the components indicates that 
Component X is probably a distinct culturally formed component from the Eden 
or possibly Alberta time periods.  These new interpretations are additional 
evidence for the cultural use of the site over time, and in many temporally 
separate events, with possible occasional use between the larger events.  Overall, 
the most recent excavations at Hudson-Meng reveal a long-standing use of the 
area by Paleoindian peoples, and there is evidence for use of the site into the 
Archaic.  The long-term use of the site shows that it was an important location for 
Paleoindian groups on the Northwestern Plains.              
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Chapter VI 
 
 
CONCLUSION 
 
 
 This study represents the first examination of taphonomic and 
zooarchaeological trends from the 2006-2012 field seasons at Hudson-Meng.  
The faunal assemblage represents material from 21 excavation units and three 
areas of the site.  Eight components (those thought to represent cultural 
components, and those of an unknown association to the cultural components) 
have been used as a basis for investigating the natural or cultural origin and 
similarity of bone accumulation.  Sixty-six specimens were identified to taxon, 
representing bison, deer, and rabbit.  This is only the second time deer has been 
identified, and the first time rabbit has been identified at the site.   
 The origin of Hudson-Meng has been under debate for decades, and 
prominent researchers in the fields of Paleoindian studies and taphonomy have 
conducted research in an attempt to understand the formation of the site.   The 
comparative, taphonomic, and statistical analyses undertaken here add to the 
greater body of knowledge about the site and delve back into this debate.  
Graham and Kay’s (1988) study on the cultural Kimmswick site and natural 
Barnhart site was used to examine analytical and taphonomic identification 
200 
 
issues that may arise in sites with a similar depositional and compositional 
environment to Hudson-Meng.  Furthermore, evidence of the in situ nature of the 
Kimmswick site was used to support the in situ nature of the deposits at Hudson-
Meng.  A comparison of Hudson-Meng to Haynes’ (1988) model of natural bison 
death accumulation sites shows that Hudson-Meng does not possess the 
attributes of any one of the natural accumulations, leading the way for more 
debate into the origin of the deposits.   
 The taphonomic analysis undertaken on the Hudson-Meng faunal 
assemblages reveals new evidence of cultural taphonomic characteristics on 
bones within many components. The specific cultural characteristics identified 
indicate that butchering and other forms of processing were taking place at the 
site.  Additionally, bone tools that were intentionally modified and shaped were 
found at Hudson-Meng, but it is unclear whether they were made at the site or 
brought into the site when kill and butchering activities took place.  The natural 
taphonomic characteristics show that natural bone modification was taking place 
immediately after the formation of the bone accumulations, as well as post-
depositionally.  Less evidence of cultural taphonomic characteristics in the North 
Block area, but bone accumulating on the same depositional surfaces as other 
areas of the site, also indicate that the North Block may have been used less 
intensely, or for alternative purposes.  Component 2 may be the exception, as 
cultural taphonomic characteristics were found on the bones in this component 
within the North Block.   
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 There was a failure to reject the null hypothesis of a natural accumulation 
of bone for Components Y and Z based on the taphonomic and zooarchaeological 
analyses conducted in this study.  The null hypothesis was rejected for 
Components 1, 2, 3, 4, 5, and X, and therefore, an alternative hypothesis must be 
proposed.  In this case, the alternative hypothesis is that the components are 
cultural.   
 Comparisons between the natural taphonomic traits identified for each 
component reveal that components were forming in different accumulation 
episodes over time.  The comparisons also showed that this formation was 
probably taking place during a time of gradual environmental change, followed 
by rapid change, then a return to gradual change.  The Jaccard’s Index analysis for 
the cultural taphonomic characteristics indicates that the components were 
dissimilar.  Some overlap of cultural taphonomic characteristics reveals that 
similar processing techniques may have been taking place in four of the 
components, but the degree and number of taphonomic characteristics present in 
each component varied.  Component 4 shows the presence of different 
taphonomic characteristics, and may indicate that a different processing 
technique was taking place at that time.   
 Economic utility curves derived for each component reveal that an 
unbiased or normal utilization strategy was being employed in most episodes of 
use at the site.  A bulk utilization strategy was found for Component 3, showing a 
more intense butchering strategy taking place at the site at that time.  There is a 
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possibility that the Component 3 utilization strategy result is being affected by 
the loss of less dense elements.   All of the utility curves show a negative 
relationship and indicate that Hudson-Meng was a kill-butchery location.    
 The utility curves, along with the identified cultural taphonomic 
characteristics and the similarity comparisons, indicate that Hudson-Meng was 
used in multiple episodes of kill-butchery events throughout the Paleoindian 
period.  This study, and other research at the Hudson-Meng site, is broadening 
the knowledge of Paleoindian use of the site and in the Plains.  The current 
understanding of the Hudson-Meng site suggests that it may have had continued 
importance in the region, and gaining more knowledge about the use of the site 
will allow for additional insights into the lifeways of Paleoindians on the Plains. 
 
RECOMMENDATIONS FOR FURTHER ANALYSIS 
 
 
 Additional analyses should be conducted on the faunal assemblage as 
more of the site is excavated and more bone is recovered.  Additions to the faunal 
assemblage have the potential to increase the MNI and MAU for the site (and for 
each component.)  These new data may support current conclusions, or lend 
information to analyses that will allow alternative interpretations.  Additional 
identification of taphonomic characteristics may lead to more insight into the 
natural association of the components and further the knowledge of cultural use 
at the site.  Additional information could be gathered from the bone tools by 
using SEM microscopy to help determine the kinds of tools used to shape and 
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modify the bones and to help identify the causes of the use–wear (d’Errico and 
Henshilwood 2007).  Conducting similarity tests as more evidence of bone 
modification becomes available would allow for greater understanding of the 
components and the associations and similarities between them.   
 Previously published information by other researchers could be analyzed 
using the same techniques and methods in this study to allow direct comparison 
across different episodes of investigation.  There is the potential to conduct 
economic utility studies based on the %MAUs reported by Todd and Rapson.  
There is also the potential to conduct economic utility studies based on the data 
reported by Agenbroad (1978c) for minimum number of animals (based on 
paired elements) for each element.   Minimum number of animals based on 
paired elements seems to be the total number of overlapping portions of each 
element divided by the number of that element in the skeleton.  This inference 
was made based on the minimum number of animals for each paired element 
being half of the total reported for that element.  For axial elements, the minimum 
number of animals is a measure of the total divided the number of each element 
in the skeleton.  For example, 269 total cervical vertebrae were reported and the 
minimum number of animals reported for the element is 54, which is 1/5 of the 
total.  Since there are five cervical vertebrae in a bison skeleton, when the atlas 
and axis are not taken into account, the minimum number of animals is a 
measure of 269 divided by five.  The atlas and axis counts are reported 
separately, and the totals and minimum number of animals are identical since 
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there is only one of each element represented in a complete skeleton.  Since each 
element’s minimum number of animals is reported, and reflects a measure of 
MAU, the %MAU can be calculated and used in the development of economic 
utility curves.   
 Density curves could also be produced for Todd and Rapson’s element 
frequency data, Agenbroad’s minimum number of animals data, as well as the 
element frequency data in this study.  The density curves and the economic utility 
curves could be compared to determine if loss of less dense elements is 
producing the trends seen in the economic utility curves.  A direct comparison 
may only be possible between Agenbroad’s data, Todd and Rapson’s data, and the 
data from this study if the data from the previous studies can be associated with 
certain components.  Otherwise, relative comparisons can be made based on the 
data for the site as a whole, or the density versus utility curves could be 
compared for each period of investigation separately.  These comparisons are 
recommended because Agenbroad focused on removal of bones due to butchery, 
while Todd and Rapson focused on removal of bones due to loss of elements 
during post-depositional processes.  New trends in zooarchaeological analysis 
use both types of studies to make sure the curves produced are actually from 
utilization of animals by people and not from the post-depositional deterioration 
of bones.  This study focused on utility curves, but density curves could be 
derived from the data for comparison.   
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 Additional radiocarbon dates received for the site can be used to more 
closely define the ages for each component within different areas of the site.  The 
resulting data could be used to investigate if the Enclosure Trench and the North 
Block areas of the site were used contemporaneously.  If the dates added 
credence to the connection of each component throughout the site, then 
interpretations from this study based on taphonomic and similarity analyses 
would be further supported.  Additional studies could then be undertaken to 
clarify how the different areas are related and the activities being conducted in 
each area.  However, if the dates showed that the areas were used at different 
times, then new interpretations could be put forth to better account for the 
results of the analyses.   
 
RECOMMENDATIONS FOR THE HUDSON-MENG SITE 
 
 
 The exposed bonebed is a highlight of the visitor experience at the 
Hudson-Meng site, and a useful tool for demonstrating attributes of the bonebed 
to the public.  The large, complete elements that comprise the bonebed in the 
Hudson-Meng Visitor’s Center have been exposed to air and dried, and may have 
a better chance of being negatively affected by exposure to water. Bones in lower 
stages of weathering (usually larger, more complete elements) were negatively 
affected by contact with water during the bone cleaning experiments conducted 
prior to cleaning bones for this study.  Also, the affected bones were dry, which 
may have had an effect on how they reacted with water.  The smaller, fragmented 
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bones (most of which were in more advanced stages of weathering), as well as 
slightly damp, freshly-excavated bones, were not negatively affected by contact 
with water for a short time.  These observations suggest that bones in the 
exposed bonebed, which probably possess the characteristics described above, 
may be negatively affected by contact with water.  As of the 2011 field season, 
there were leaks in the Visitor’s Center roof over exposed areas of the bonebed 
that were causing erosion to localized areas of sediment around the bones, and 
were determined by the staff to be allowing water to enter and spread out 
through the bonebed.  This infiltration of water in the exposed bonebed has the 
potential to negatively affect the bones, and cause cortical bone surfaces to erode 
and flake away from the bone.  This could lead to deterioration of the bone and to 
the destruction of bone surfaces that may contain taphonomic characteristics.  
The exposed bones should be protected from damage by decreasing their 
exposure to water so they can remain in good condition and continue to be on 
display to the public. 
 The visitor experience at Hudson-Meng is educational, enjoyable, and 
interactive, attracting people of all backgrounds and ages.  The current visitor 
experience emphasizes both the natural and cultural origin interpretations of the 
site, but would be greatly enhanced if both interpretations, and new insights from 
the most recent investigations at the site, were equally represented.  To this end, 
interpretive signage should be reworked.   Makeshift posters and drawings about 
the cultural aspects of the site should be incorporated into the professionally-
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designed interpretive signage throughout the Hudson-Meng Visitor’s Center 
Building.  These changes would enhance the appearance of displays and the flow 
of public tours.  Furthermore, interpretations of Hudson-Meng as cultural have 
gained prominence and should be given equal interpretive space at the site.   
 In recent years, additional knowledge has been gained about the 
environments present at Hudson-Meng during past occupations by Paleoindian, 
and possibly Archaic, groups.  It would enhance the visitor experience to add 
additional informational displays, and additional walking tours that incorporate 
this new knowledge.  Additional educational resources regarding past landforms 
and environments could be presented on the landscape outside of the Visitor’s 
Center building, and on walking trails to incorporate visitor movement around 
additional areas of the site.  Adding information about the landforms, 
environment, and past resources could attract new visitors interested in the 
history of land formation in the area or past ecological systems, and would paint 
a more complete picture of the site’s past for visitors interested in archaeology 
and paleontology.   
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 Muñiz developed component profiles for each excavation area at Hudson-
Meng to help define the boundaries of each component.  In the Enclosure Trench, 
backplot profiles were made along three different areas.  The 999E line of O80-
24, O80-23, and O80-19 was used, and included backplots of materials from these 
units and adjacent Units P80-4, and O80-18.  Another backplot profile was made 
along the 997E line of Units O80-8 and O80-13, and the material from these two 
units were backplotted.  A composite backplot profile was made for N80-12 and 
N80-13.  The 993E soil profiles did not exist so the 992E wall profile for N80-12 
and the 994E profile for N80-13 were used to make a two-meter long 993E 
profile.  These blackplots were chosen in order to get all the material from the 
adjacent units backplotted at once, and so a broader picture of the soil profiles 
and components in these units could be developed (Muñiz, personal 
communication 2012).  The material backplotted onto this 993E profile came 
from Units N80-12, N80-13, N80-18 and N80-23.  The backplot profile for Unit 
M82-25 in the Visitor’s Center building was made along the 989E profile, and 
only contained information for this one unit.  One backplot profile for the North 
Block was made along the 989E line, and included Units M93-22, M93-21, M94-
25, and M94-24.  A profile was not made for the FAND Trench because little bone 
was recovered, and because the soil profiles were from a previous year’s geologic 
trench, and not from unit sidewalls.  The soil profiles and backplotted material 
could not be reconciled, and so the components were instead determined based 
218 
 
on groups of materials clustering at certain elevations.  Two areas clustered, and 
were determined to be two components in the FAND Trench.  One was 
determined to probably be Component 4 based on the soils and position to the 
paleosol as seen in the field, and the other was determined to be an unknown 
component (Muñiz, personal communication 2012).  In Table 18, the space 
between the two points of the northing can be defined to the base elevation and 
the maximum elevation reported.  The different sections of northing with their 
base and maximum elevation compensates for undulation in the boundaries of 
the components and were devised to encompass all material within the 
component boundary and to exclude all material outside of the component 
boundary.  The different sections were also restricted to one component and do 
not overlap multiple boundaries. 
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Table 18: Component profiles defined for Hudson-Meng 2006-2012 excavation 
units. 
 
Component Northing Base Elevation Max Elevation 
Unit O80-24, 951N, East Enclosure Trench 
1 951.000N-952.000N 100.890 100.970 
2 951.000N-952.000N 100.970 101.050 
3 951.000N – 951.500N 101.060 101.100 
951.500N – 952.000N 101.060 101.080 
4 951.700N – 952.000N 101.090 101.130 
5 951.000N – 952.000N 101.230 101.250 
Unit O80-23, 952N, East Enclosure Trench 
1 952.000N – 953.000N 100.850 100.920 
2 952.000N – 953.000N 100.960 101.030 
3 952.000N – 952.250N 101.050 101.080 
952.250N – 952.640N 101.020 101.065 
952.640N – 952.700N 101.030 101.075 
952.700N – 953.000N 101.030 101.065 
4 952.000N – 952.250N 101.090 101.150 
952.250N – 952.400N 101.080 101.150 
952.400N – 952.500N 101.070 101.125 
952.500N – 952.550N 101.090 101.130 
952.550N – 952.950N 101.080 101.110 
952.950N – 953.000N 101.070 101.110 
Unit O80-19, 953N, East Enclosure Trench 
1 953.000N – 954.000N 100.840 100.880 
2 953.000N – 953.100N 100.900 101.010 
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953.100N – 953.310N 100.900 100.990 
953.310N – 953.430N 100.900 100.980 
953.430N – 953.650N 100.900 100.960 
953.650N – 953.775N 100.900 100.975 
953.775N – 953.900N 100.900 100.940 
953.900N – 954.000N 100.900 100.955 
3 953.000N – 953.050N 101.030 101.060 
953.050N – 953.350N 100.995 101.035 
953.350N – 953.425N 100.990 101.025 
953.425N – 953.500N 100.970 101.000 
953.500N – 953.550N 100.980 101.015 
953.550N – 953.775N 100.980 101.005 
953.775N – 953.810N 100.970 100.985 
953.810N – 953.950N 100.960 100.985 
4 953.000N – 953.050N 101.060 101.110 
953.050N – 953.350N 101.050 101.080 
953.350N – 953.400N 101.040 101.080 
953.400N – 953.500N 101.010 101.060 
953.500N – 953.550N 101.040 101.080 
953.550N – 953.600N 101.040 101.085 
953.600N – 953.650N 101.050 101.070 
953.650N – 953.750N 101.030 101.060 
953.750N – 953.775N 101.010 101.060 
953.775N – 953.800N 101.000 101.060 
953.800N – 953.850N 100.990 101.060 
953.850N – 953.900N 100.990 101.040 
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953.900N – 954.000N 101.000 101.020 
5 953.000N – 954.000N 101.110 101.160 
Unit O80-13, 952N, East Enclosure Trench 
1 952.000N – 952.100N 100.900 100.930 
952.100N – 952.150N 100.900 100.925 
952.150N – 952.650N 100.900 100.920 
952.650N – 952.750N 100.910 100.940 
952.750N – 952.850N 100.910 100.930 
952.850N – 953.000N 100.910 100.940 
2 952.000N – 952.100N 100.990 101.010 
952.100N – 952.150N 100.965 101.010 
952.150N – 952.200N 100.970 100.995 
952.200N – 952.350N 100.980 101.010 
952.350N – 952.400N 100.950 101.000 
952.400N – 952.600N 100.950 101.005 
952.600N – 952.750N 100.970 101.010 
952.750N – 952.900N 100.970 100.990 
952.900N – 952.950N 100.980 101.000 
3 952.000N – 952.250N 101.020 101.055 
952.250N – 952.300N 101.040 101.055 
952.300N – 952.350N 101.015 101.050 
952.350N – 952.450N 101.005 101.060 
952.450N – 952.800N 101.020 101.060 
952.800N – 952.900N 101.000 101.050 
952.900N – 952.950N 101.015 101.045 
4 952.050N – 952.100N 101.065 101.080 
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952.100N – 952.200N 101.085 101.105 
952.400N – 952.650N 101.075 101.135 
952.650N – 953.000N 101.095 101.130 
5 952.400N – 953.000N 101.160 101.190 
Unit N80-12 and Unit N80-13, 952N and 953N, West Enclosure Trench 
1 952.300N – 952.920N 100.900 100.920 
2 952.650N – 952.750N 100.940 101.010 
952.750N – 953.000N 100.950 101.000 
X 952.000N – 952.550N 101.000 101.070 
952.550N – 952.850N 101.040 101.080 
952.850N – 953.000N 101.010 101.060 
953.000N – 953.200N 100.995 101.045 
Y 953.500N – 954.000N 100.965 101.065 
3 952.000N – 952.150N 101.095 101.145 
952.150N – 952.250N 101.110 101.145 
952.250N – 952.300N 101.095 101.150 
952.300N – 952.700N 101.095 101.135 
5 952.450N – 952.550N 101.220 101.270 
952.550N – 952.750N 101.195 101.265 
952.750N – 952.900N 101.220 101.255 
952.900N – 952.950N 101.210 101.240 
952.950N – 953.100N 101.180 101.210 
953.100N – 953.250N 101.155 101.220 
953.250N – 953.450N 101.150 101.210 
953.450N – 953.600N 101.130 101.190 
953.600N – 953.650N 101.170 101.210 
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953.650N – 953.850N 101.185 101.230 
Unit M82-25, 960N, Enclosure Trench (inside bonebed enclosure) 
3 960.050N – 960.100N 100.940 100.960 
960.100N – 960.150N 100.925 100.950 
960.150N – 960.250N 100.920 100.950 
960.250N – 960.375N 100.925 100.950 
960.375N – 960.425N 100.915 100.955 
960.425N – 960.475N 100.920 100.945 
960.475N – 960.550N 100.910 100.950 
960.550N – 960.750N 100.920 100.950 
960.750N – 960.800N 100.920 100.940 
960.800N – 961.050N 100.920 100.945 
4 960.000N – 960.075N 100.975 101.000 
960.075N – 960.300N 100.965 100.995 
960.300N – 960.350N 100.970 100.995 
960.350N – 960.400N 100.970 101.010 
960.400N – 960.500N 100.975 101.010 
960.500N – 960.575N 100.975 101.000 
960.575N – 960.625N 100.970 100.990 
960.625N – 960.725N 100.960 100.990 
960.725N – 960.900N 100.960 100.993 
960.900N – 960.975N 100.955 101.000 
960.975N – 961.000N 100.970 101.010 
Unit M93-22, 1018N, North Block 
3 1018.000N – 1019.000N 99.140 99.190 
4 1018.850N – 1019.000N 99.200 99.240 
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5 1018.700N- -1018.800N 99.300 99.340 
1018.800N – 1018.900N 99.270 99.330 
1018.900N – 1019.000N 99.260 99.300 
Unit M93-21, 1019N, North Block 
1 1019.000N – 1020.000N 98.930 98.960 
2 1019.000N – 1019.100N 99.010 99.050 
1019.100N – 1019.350N 99.010 99.070 
1019.350N – 1019.450N 99.030 99.090 
1019.450N – 1019.550N 99.050 99.080 
1019.550N – 1019.650N 99.030 99.060 
1019.650N – 1019.700N 99.010 99.050 
1019.700N – 1020.000N 98.990 99.040 
3 1019.000N – 1019.100N 99.090 99.110 
1019.100N – 1019.450N 99.100 99.130 
1019.450N – 1019.550N 99.100 99.120 
1019.550N – 1019.650N 99.090 99.100 
1019.650N – 1019.800N 99.080 99.110 
1019.800N – 1019.950N 99.070 99.110 
1019.950N – 1020.000N 99.090 99.110 
4 1019.000N – 1019.150N 99.180 99.220 
1019.150N – 1019.300N 99.150 99.210 
1019.300N – 1019.450N 99.180 99.200 
1019.450N – 1019.550N 99.190 99.210 
1019.550N – 1019.725N 99.170 99.200 
5 1019.000N – 1019.650N 99.250 99.290 
Unit M94-25, 1020N, North Block 
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1 1020.700N – 1021.000N 98.900 98.960 
2 1020.000N – 1020.150N 99.000 99.060 
1020.150N – 1020.650N 98.960 99.030 
1020.650N – 1020.800N 98.990 99.030 
1020.800N – 1020.900N 99.010 99.050 
3 1020.000N – 1020.200N 99.090 99.120 
1020.700N – 1021.000N 99.090 99.140 
Unit M94-24, 1021N, North Block 
4 1021.000N – 1022.000N 99.150 99.200 
All FAND Trench Units 
4 1062.000E – 1064.000E* 102.850 102.900 
Z 1062.000E – 1064.000E* 102.750 102.850 
Note: *FAND Trench units were backplotted by Easting. Not all units contain 
all components and components are not always found across an entire unit.  
There may also be breaks in a component, within or between units. 
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 The data sets used for Jaccard’s Statistical Tests are presented here and each table and figure that 
represents the results of each test within the text of this thesis are stated below each table. 
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Table 19: Data set for analyses of cultural processing and natural taphonomic characteristics for all areas. 
 
Component 
Number Weathering Abrasion Trampling 
Carnivore Tooth 
Marks  
Rodent Tooth 
Marks  Digestion 
Root 
Etching Rock Fall 
Ice 
Movement Staining 
1 1 1 0 1 0 0 1 0 0 1 
2 1 1 0 1 0 0 1 0 0 1 
3 1 1 0 1 1 0 1 0 0 1 
4 1 1 0 0 1 0 1 0 0 1 
5 1 0 0 1 1 0 1 0 0 1 
X 1 1 1 1 0 0 1 0 0 1 
Y 1 0 0 0 0 0 1 0 0 0 
Z 1 1 0 0 0 0 1 0 0 1 
 
Component 
Number Cut Marks 
Scrape 
Marks Chop Marks 
Conchoidal 
Flake Scars Bone Flakes 
Percussion 
Pits 
Percussion 
Striations Crushing Punctures 
Gouge 
Marks 
Spiral 
Fracture 
1 0 0 0 0 0 0 0 0 0 0 0 
2 1 0 0 1 0 0 0 0 0 0 1 
3 1 0 0 1 1 0 1 0 0 0 1 
4 1 0 1 0 0 0 0 0 1 0 0 
5 1 0 0 0 0 1 1 0 0 0 0 
X 1 0 1 1 1 1 1 1 0 0 1 
Y 0 0 0 0 0 0 0 0 0 0 0 
Z 0 0 0 0 0 0 0 0 0 0 0 
Note: Cultural taphonomic characteristics include only the characteristics that resulted from processing. Table 19 
reports the data set that was used to generate the results for Table 15 and Figure 28 (cultural processing and 
natural characteristics together).  The natural characteristics portion of this data set was also used to generate the 
results for Table 16 and Figure 31 (natural characteristics only), and the cultural processing characteristics 
portion of this data set was used to generate the results for Table 17 and Figure 34 (cultural processing 
characteristics only). 
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Table 20: Data set for analyses of all cultural and natural taphonomic characteristics for the Enclosure Trench 
 
Component 
Number Weathering Abrasion Trampling 
Carnivore Tooth 
Marks  
Rodent Tooth 
Marks  Digestion 
Root 
Etching 
Rock 
Fall 
Ice 
Movement Staining 
1 1 1 0 1 0 0 1 0 0 1 
2 1 1 0 1 0 0 1 0 0 1 
3 1 1 0 1 1 0 1 0 0 1 
4 1 1 0 0 1 0 1 0 0 1 
5 1 0 0 1 1 0 1 0 0 1 
X 1 1 1 1 0 0 1 0 0 1 
Y 1 0 0 0 0 0 1 0 0 0 
 
Component Number Cut Marks Scrape Marks 
Chop 
Marks 
Conchoidal 
Flake Scars 
Bone 
Flakes 
Percussion 
Pits 
Percussion 
Striations Crushing Punctures 
Gouge 
Marks 
Spiral 
Fracture 
1 0 0 0 0 0 0 0 0 0 0 0 
2 1 0 0 1 0 0 0 0 0 0 1 
3 1 0 0 1 1 0 1 0 0 0 1 
4 1 0 1 0 0 0 0 0 1 0 0 
5 1 0 0 0 0 1 1 0 0 0 0 
X 1 0 1 1 1 1 1 1 0 0 1 
Y 0 0 0 0 0 0 0 0 0 0 0 
Note: Cultural taphonomic characteristics include only the characteristics that resulted from processing. Table 20  
 reports the data set that was used to generate the results for Figure 29. The natural characteristics portion of this 
data set was also used to generate the results for Figure 32 (natural characteristics only), and the cultural 
processing characteristics portion of this data set was used to generate the results for Figure 35 (cultural 
processing characteristics only). 
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Table 21: Data set for analyses of cultural processing and natural taphonomic characteristics for the North Block 
 
Component 
Number Weathering Abrasion Trampling 
Carnivore Tooth 
Marks  
Rodent Tooth 
Marks  Digestion 
Root 
Etching 
Rock 
Fall 
Ice 
Movement Staining 
1 1 0 0 0 0 0 1 0 0 0 
2 1 1 0 0 0 0 1 0 0 1 
3 1 0 0 0 0 0 1 0 0 0 
4 1 0 0 0 0 0 1 0 0 0 
5 1 0 0 0 0 0 0 0 0 0 
 
Component Number Cut Marks 
Scrape 
Marks 
Chop 
Marks 
Conchoidal 
Flake Scars 
Bone 
Flakes 
Percussion 
Pits 
Percussion 
Striations Crushing Punctures 
Gouge 
Marks 
Spiral 
Fracture 
1 0 0 0 0 0 0 0 0 0 0 0 
2 1 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 
Note: Cultural taphonomic characteristics include only the characteristics that resulted from processing.  Table 21  
reports the data set that was used to generate the results for Figure 30. The natural characteristics portion of this 
data set was also used to generate the results for Figure 33 (natural characteristics only).  The cultural processing 
characteristics portion of this data set could not be run due to the all zero rows, but was used to discuss the data 
and implication of the lack of cultural processing characteristics for the North Block. 
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Table 22: Data set for analyses of cultural processing and natural taphonomic characteristics for the FAND Trench 
 
Component Number Weathering Abrasion Trampling 
Carnivore 
Tooth 
Marks  
Rodent 
Tooth 
Marks  Digestion Root Etching Rock Fall 
Ice 
Movement Staining 
4 1 1 0 0 1 0 1 0 0 1 
Z 1 1 0 0 0 0 1 0 0 1 
 
Component Number 
Cut 
Marks 
Scrape 
Marks 
Chop 
Marks 
Conchoidal 
Flake Scars Bone Flakes 
Percussion 
Pits 
Percussion 
Striations Crushing Punctures 
Gouge 
Marks 
Spiral 
Fracture 
4 0 0 0 0 0 0 0 0 0 0 0 
Z 0 0 0 0 0 0 0 0 0 0 0 
Note: Cultural taphonomic characteristics include only the characteristics that resulted from processing. Table 22 
reports the data set that was used to discuss the results of the FAND Trench, but the cluster analysis results were 
not included as a figure.  The natural characteristics portion of this data set was used to discuss the results of 
analysis using only these characteristics. The cultural processing characteristics portion of this data set could not 
be run due to the all zero rows, but was used to discuss the data and implication of the lack of cultural processing 
characteristics for the FAND Trench. 
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Table 23: Data set for analysis of bone tool manufacturing characteristics. 
 
Component Number Chop Marks Polish Spiral fracture Perforations Striations from grinding 
1 0 1 0 0 1 
X 1 1 1 1 1 
Note: Table 23 reports the data set that was used to generate the results for Figure 36. 
 
 
Table 24: Data set for analysis of cultural processing and bone tool manufacturing taphonomic characteristics. 
 
Component 
Number 
Cut 
Marks 
Scrape 
Marks 
Chop 
Marks 
Conchoidal 
Flake Scars 
Bone 
Flakes 
Percus
sion 
Pits 
Percussion 
Striations Crushing 
Punc
tures 
Gouge 
Marks 
Cultural 
Polish 
Spiral 
Fracture 
Perfor
ations 
Striations 
from 
grinding 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
2 1 0 0 1 0 0 0 0 0 0 0 1 0 0 
3 1 0 0 1 1 0 1 0 0 0 0 1 0 0 
4 1 0 1 0 0 0 0 0 1 0 0 0 0 0 
5 1 0 0 0 0 1 1 0 0 0 0 0 0 0 
X 1 0 1 1 1 1 1 1 0 0 1 1 1 1 
Y 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Z 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Note: Table 24 reports the data set that was used to generate the results for Figure 37. 
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